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(54) SEMICONDUCTOR DEVICE 

(57)Abstract; 

[PROBLEM TO BE SOLVED: To stably generate an 
internal power supply voltage at a desired level with a 
low occupation area and a low current consumption. 
SOLUTION: An internal power supply circuit 1 generates 
internal power supply voltages Veep and Vccs from an 
extennaf power supply voltage Vext A voltage level 
control circurt 10 adjusts the voltage level and 
temperature characteristics of the internal power supply 
voltages that are generated by the internal power supply 
circuit 1- The internal power supply circurt 1 generates 
an internal power supply voltage with negative or zero 
temperature characteristics at a low— temperature region 
and positive temperature characteristics at a high- 
temperature region. Also, the voltage level control circuit 
10 includes a configuration for driving a level conversion 
circuit for deciding the operation lower-limit region of 
the ertemal power supply voltage of a configuration 
interna! power supply circurt for optimizing the 
capacitance of a sense power supply line stabilization 

capacitor for driving a sense amplification circuit 300 or for forcibly driving an internal voltage- 
drop circuit when power is turned on. 
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* NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated: 



[Claim(s)] 

[Claim l] A semiconductor device equipped with a means for adjusting capacity value of an 
internal circuitry using internal electrical power source voltage from an internal electrical 
power source circuit for generating internal electrical power source voltage from external 
power voltage, and said internal electrical power source circuit, a capacitative element 
combined with an internal electrical power source Une which transmits said internal . 
electrical power source voltage, and said capacitative element. 
[Claim 2] A semiconductor device according to claim 1 characterized by providing the 
following Said internal electrical power soxirce circuit is a means to generate the 1st 
reference voltage. A means to generate the 2nd reference voltage of a different voltage level 
from said 1st reference voltage A selection means to answer a change signal and to choose 
one side of said 1st and 2nd reference voltages A pressure-lowering circuit which supphes 
current to said internal electrical power soxirce line from a node which supphes said external 
power voltage according to reference voltage from said selection means, and voltage on said 
internal electrical power source line 

[Claim 3] A semiconductor device according to claim 2 which answers a specific mode-of- 
operation indication signal which specifies a specific mode of operation, and is further 
eqvdpped with a mode setting means for enabling the exterior to a setup of the 1st reference 
voltage which said 1st reference voltage generating means generates. 
[Claim 4] Said internal circuitry is two or more memory cells arranged in the shape of a 
matrix, and a semiconductor device according to claim 1 which is arranged corresponding to 
each aforementioned train and contains two or more sense amplifiers with which each 
performs detection and amplification of data of a memory cell of a train of correspondence 
using said internal electrical power source voltage at the time of activation. 
[Claim 5] Said output circuit is a semiconductor device including a level-conversion circuit 
for, operating said internal electrical power source voltage as supply voltage of operation on 
the other hand, and changing a voltage level of data of said selection memory ceU according 
to claim 1 including an output circuit for said internal circuitry to output data of two or more 
memory cells and a selection memory cell of two or more of said memory cells to the exterior. 
[Claim 6] A semiconductor device which compares a means to generate reference voltage, and 
said reference voltage and supply voltage so that it may have the temperature characteristic 
of negative or zero in the 1st temperature field and the 2nd hot temperature field may have 
the positive temperatvire characteristic rather than said 1st temperature field, and is 
equipped with a meains to adjust level of said supply voltage according to this comparison 
result. 

[Claim 7] A semiconductor device according to claim 6 characterized by providing the 
following Said reference voltage generating means is 1st voltage generating means to 
generate the 1st voltage proportional to resistance ratio of the 1st and 2nd resistance 
elements formed with the same material. 2nd voltage generating means to generate the 2nd 
voltage proportional to resistance ratio of the 3rd and 4th resistance elements formed with a 
mutually different material An OR means to generate voltage according to level of voltage of 
the higher one of such 1st and 2nd voltage as said reference voltage in response to the 1st 
and 2nd voltage from said 1st and 2nd voltage generating means 
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[Claim 8] The 3rd resistance element connected between the 1st reference voltage generating 
circviit characterized by providing the following, and said power node and 4th node, The 3rd 
insulated gate field effect transistor by which connects between said power node and 5th 
node, and the gate is connected to said 5th node, The 4th insulated gate field effect transistor 
by which connects between said 4th node and 6th node, and the gate is connected to said 5th 
node, The 2nd current MiDer circuit which is combined with said 5th and 6th nodes, and 
passes current of the same magnitude as said 5th and 6th nodes, The 2nd current source 
transistor which supplies current of magnitude corresponding to current which constitutes 
said the 3rd insulated gate field effect transistor and current Miller circuit, and flows said 
3rd insulated gate field effect transistor, A semiconductor device including the 2nd reference 
voltage generating circuit containing the 4th resistance element which transforms current 
from said 2nd current source transistor into voltage, and generates said 2nd reference 
voltage according to claim 6 Said reference voltage generating means is the 1st resistance 
element connected between a power node and the 1st node. The 1st insulated gate field effect 
transistor by which connects between said power node and 2nd node, and the gate is 
connected to said 2nd node The 2nd insulating mold field-efiect transistor by which connects - 
between said 1st node and 3rd node, and the gate is connected to said 2nd node The 2nd 
resistance element which is combined with said 2nd and 3rd nodes, constitutes said the 1st 
current Miller circuit and insulated gate field effect transistor and current Miller circuit for 
passing current of the same magnitude as said 2nd and 3rd nodes, transforms into voltage 
ciurent from the 1st current source transistor which suppHes current, and said 1st current 
source transistor from said power node, and generates said 1st reference voltage [ 1st ] 
[Claim 9] Said 4th resistance element is a semiconductor device [ equipped with an insulated 
gate field effect transistor in which the gate and a drain interconnected ] according to claim 

[Claim 10] It is the semiconductor device according to claim 8 with which said 3rd resistance 
element consijsts of refractory metal siHcide, and said 4th resistance element consists of 
impurity diffusion resistance. 

[Claim 11] Said OR means is a semiconductor device according to claim 7 with which it has 
an output transistor to which the source is connected to a source joint transistor to which 
said 1st and 2nd voltage is received in the gate, and the source interconnects, and said source 
joint transistor, and the gate and drain are connected, and said reference voltage is outputted 
from a drain of said output transistor. 

[Claim 12] A current drive transistor combined between internal electrical power source hnes 
which transmit an external power node which receives supply voltage from the outside, and 
internal electrical power source voltage, A level-conversion circuit which receives reference 
voltage and internal electrical power source voltage on said internal electrical power source 
line, and changes and outputs both level of said reference voltage and said internal electrical 
power source voltage. And a semiconductor device which compares reference voltage and 
internal electrical power source voltage by which the level conversion was carried out from 
said level-conversion circuit by which the level conversion was carried out, and is equipped 
with a comparator circuit which adjusts conductance of said cvirrent drive transistor 
according to this comparison result. 

[Claim 13] It is combined between a current mirror stage which is combined with said 
external power node and supphes current, and said current mirror stage and touch-down 
node, an insxilated gate field effect transistor pair which receives said internal electrical 
power source voltage by which the level conversion was carried out and reference voltage by 
which the level conversion was carried out in each gate is included, and, on the other hand, 
for a flow node, said comparator circuit is said each semiconductor device of an insulated 
gate field effect transistor pair according to claim 12 combined so that touch-down voltage 
may be received in common. 

[Claim 14] The 1st insulated gate field effect transistor which said level-conversion circuit is 
combined between the 1st node and the 2nd node, and receives said internal electrical power 
source voltage in the gate. The 2nd insulated gate field effect transistor which is combined 
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between said 1st node and 3rd node, and receives said reference voltage in the gate, The 3rd 
insvdated gate field effect transistor by which it is combined between said 2nd node and 
touch'down nodes, and the gate is combined with said 3rd node, The 4th insulated gate field 
effect transistor by which it is combined between said 3rd node and said touch-down nodes, 
and the gate is combined with said 3rd node is included. It is the semiconductor device 
according to claim 12 said whose the 1st to 4th insulated gate field effect transistor said 
reference voltage by which the level conversion was carried out is outputted from said 3rd 
node, said internal electrical power source voltage by which the level conversion was carried 
out is outputted from said 2nd node, and is the same conductivity type further. 
[Claim 15] It is the semiconductor device with which each transistor connection node turns 
into a node which outputs voltage which pressured partially voltage between said 1st and' 
2nd nodes by having an insulated gate field effect transistor of two or more same 
conductivity types connected to a serial between the 1st node and the 2nd node, and 
connecting each gate of two or more of said insulated gate field effect transistors to a 
transistor connection node which placed one transistor in between. 
[Claim 16] A backgate of two or more of said insulated gate field effect transistors is a 
semiconductor device according to claim 15 connected so that it may . connect with one. 1st 
flow node of two insulated gate field effect transistors which a backgate of two adjoining 
insulated gate field effect transistors this adjoins in common. 
[Claim 17] A constant current source which suppUes fixed current, and two or more 
resistance elements connected to a serial are included. A reference voltage generating circuit 
which generates the 1st and 2nd reference voltages in response to current from said constant 
current source, A pressure-lowering circuit which generates the 1st and 2nd internal 
electrical power source voltage firom external power voltage according to said each of 1st and 
2nd reference voltages, It is prepared corresponding to two or more memory cells and each 
train which are arranged in the shape of a matrix, and two or more sense amplifiers which 
detect and amplify data of a memory cell on a train of correspondence using said 1st internal 
electrical power sovirce voltage, and said 2nd internal electrical power sovirce voltage are 
used. A semiconductor device equipped with a circumference circuit which performs memory 
cell selection actuation of said memory cell array. 

[Claim 18] Said reference voltage generating circuit is equipped with an insulated gate field 
effect transistor of two or more same conductivity types connected to a serial between the 1st 
node and the 2nd node which receive current from said constant current source. Each gate of 
two or more of said insulated gate field effect transistors It connects with a transistor 
connection node which placed one transistor in between. A semiconductor device according to 
claim 17 with which said 2nd reference voltage is outputted from said 1st node, and said 1st 
reference voltage is outputted from the 3rd connection node which adjoins the 2nd connection 
node which adjoins said 1st node, or said 2nd connection node, 
[Claim 19] A semiconductor device characterized by providing the following A delay chain 
which receives a mode-of-operation indication signal including two or more delay stages by 
which series connection is carried out, A decoding circuit which decodes a signal of two or 
more predetermined nodes of said delay chain, and generates an activation signal, And it is a 
comparator circuit to answer activation of an activation signal from said decoding circuit, to 
be activated, have a pressxire-lowering circuit which adjusts a voltage level of said internal 
electrical power source voltage according to a difference of internal electrical power source 
voltage and reference voltage, and for said pressure-lowering circuit compare said internal 
electrical power source voltage and said reference voltage. A current drive transistor which 
suppHes current to an internal electrical power source Une which transmits said internal 
electrical power source voltage from an external power node according to an output signal of 
said comparator circuit 

[Claim 20] Said decoding circuit is a semiconductor device including a means to generate the 
1st activation signal which activates said pressure-lowering circuit, and the 2nd activation 
signal which carries out the increment in a predetermined period of the operating ciurent of 
a comparator circuit of a this activated pressure-lowering circuit according to claim 19. 
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[Claim 21] Said decoding circuit is a semiconductor device including a means to answer each 
activation and deactivation of said mode-of-operation indication signal, and to activate said 
2nd activation signal according to , claim 20. 

[Claim 22] Said 1st and 2nd activation signals are [ both ] semiconductor devices according to 
claim 20 given in said 1st internal pressure-lowering circuit including the 1st and 2nd 
internal pressure-lowering circuits which generate internal electrical power source voltage of 
a voltage level from which said pressure-lowering circuit differs mutually, respectively. 
[Claim 23] Said 1st and 2nd activation signals are semiconductor devices according to claim 
20 given in said 1st and 2nd internal pressure-lowering circuits including the 1st and 2nd 
internal pressure-lowering circuits which generate internal electrical power source voltage of 
a voltage level from which said pressure-lowering circuit differs mutually, respectively. 
[Claim 24] A semiconductor device which compares voltage respectively corresponding to 
reference voltage and voltage on said internal electrical power source line, and is equipped 
with a comparator circuit which controls conductance of said current drive transistor 
according to this comparison result, and an activation means to activate said comparator 
circuit according to level of said internal electrical power source voltage, at the time of a 
current drive transistor combined between an external power node and an internal electrical 
power source line, and activation. 

[Claim 25] Said activation means is a semiconductor device including a means to activate 
said comparator circuit according to a difference of said internal electrical power source 
voltage and said reference voltage according to claim 24. 
[Claim 26] Said activation means is a semiconductor device including a means to activate 
said comparator circuit according to a difference of said reference voltage, another different 
reference voltage, and said internal electrical power source voltage according to claim 24. 
[Claim 27] Said activation means is a semiconductor device including a means to activate 
said comparator circuit according to a difference of said internal electrical power source 
voltage and said external power voltage according to claim 24. 
[Claim 28] Said activation means is a semiconductor device given in either including a means 
to deactivate said comparator circuit if a difference of said internal electrical power soxirce 
voltage and said external power voltage becomes below a predetermined value of claims 24- 
26. 

[Detailed Description of the Invention] 

[0001] 

[The technical field to which invention belongs] Especially this invention relates to the 
configuration of the internal voltage generating circuit which generates the voltage of desired 
level inside about a semiconductor device. 

[0002] 

[Description of the Prior Art] Drawing 47 is drawing showing the configuration of the 
conventional whole semiconductor memory roughly. In drawing 47 , a semiconductor memory 
contains the memory cell array 100 which has two or more memory cells MC arranged in the 
shape of a matrix. In the memory cell array 100, a word line WL is arranged corresponding to 
each line of a memory cell MC, and the bit line pair BLP is arranged corresponding to each 
train of a memory ceU MC. A memory cell MC is arranged corresponding to the intersection 
of the bit Hne pair BLP and a word line WL. 
[0003] The address input buffer 200 to which this semiconductor memory generates the 
interior address signal of incorporation for address signal ADD from the outside further, The 
line selection circuitry 250 which drives the word line WL corresponding to the Une by which 
the memory cell array 100 was addressed according to the internal Une address signal from 
the address input buffer 200 to a selection condition, The sense amplifier circuit 300 which 
performs detection of the data of a memory cell connected to the selection line, amplification, 
and a latch, The train selection circuitry 350 which chooses the train in which the memory 
cell array 100 was addressed according to the internal train address signal from the address 
input buffer 200, and the memory cell of the train chosen by the train selection circuitry 350 
and the I/O circuit 400 which performs transfer of data are included. 
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[0004] The line selection circuitry 250 includes the word line drive circuit which drives the 
word line addressed according to the output signal of the low decoder which decodes the 
internal line address signal from the address input buffer 200, and this low decoder to a 
selection condition. The train selection circuitry 350 includes 10 gate circuit which connects 
to an internal data bus (not shown clearly) the train in which the memory cell array was 
addressed according to the train selection signal from the column decoder which decodes the 
internal train address signal from the address input buffer 200, and this column decoder. The 
sense amplifier circuit 300 is formed corresponding to each bit line pair BLP, and contains 
the sense amplifier which carries out the differential amplifier of the potential of a bit line 
pair of correspondence at the time of activation. 

[0005] This semiconductor memory includes the internal electrical power source circuit 500 
which lowers further the pressiu-e of the supply voltage Vext given from the outside, and 
generates the internal electrical power source voltage Veep and Vccs. The internal electrical 
power source voltage Veep from this internal electrical power source circuit 500 is given in 
the circumference circuit 200, i.e., an address input buffer, the line selection circuitry 250, 
the train selection circuitry 350, and the I/O circuit 400. The internal electrical power source 
voltage . Vccs is given . in . the sense amplifier . circuit 300. .. 
[0006] The internal electrical power source voltage Veep is more than the voltage level of the 
internal electrical power source voltage Vccs. To a circumference circuit, a circumference 
circuit is operated by giving the high internal electrical power sovirce voltage Veep at high 
speed. High-speed sense actuation by reduction of the charge and discharge current of a bit 
line and reduction of bit Une signal amplitude is reahzed by on the other hand giving the 
internal electrical power source voltage Vccs lower than the internal electrical power sovirce 
voltage Veep to the sense amplifier circuit 300. Moreover, in the case of dynamic random 
access memory (DRAM), the memory cell MC consists of an access transistor and a capacitor, 
it prevents that big voltage is impressed to this capacitor insulator layer, the reUabihty of a 
capacitor insulator layer is guaranteed, and the reliability of the word Hne with which the 
high voltage of about 1.5 times [ of voltage Vccs ] magnitude is impressed further is 
guaranteed. 

[0007] In addition, in the address input buffer 200 and the I/O circuit 400, the external power 
voltage Vext is used in the portion which takes the interface between external devices. 

However, this does not show drawing 47 

[0008] The MOS transistor which is the component is also made detailed as the storage 
capacity of a semiconductor memory increases. On the other hand, the supply voltage of 
external devices, such as a processor and logic, of operation is set up comparatively highly, in 
order that these may maintain the working speed, since detailed-ization has not progressed 
like the semiconductor memory. Moreover, it is necessary to hold the compatibility of supply 
voltage with the former generation's semiconductor memory. For this reason, by lowering the 
pressure of the external power voltage Vext in the internal electrical power source circuit 
500, and generating the internal electrical power source voltage Veep and Vccs, compatibility 
with the former generation's semiconductor memory is maintained, and compatibihiy with 
system power voltage is maintained again. 

[0009] Drawing 48 is drawing showing roughly the configuration of the internal power circuit 
500 shown in drawing 47 . 502s of reference voltage generating circuits where the internal 
power circuit 500 generates reference voltage Vrefs in drawing 48 , The difference of 
reference voltage generating circuit 502p which generates reference voltage Vrefp, and the 
internal electrical power source voltage Vccs and reference voltage Vrefs is foDowed. 504s of 
pressure-lowering circuits which supply current from the node which receives the external 
power voltage Vext, and adjust the voltage level of the internal (sense) supply voltage Vccs, 
Pressure-lowering circuit 504p which supphes cxurent to an internal electrical power source 
line from the node which receives the external power voltage Vext according to the difference 
of the internal (circumference) supply voltage Veep and reference voltage Vre^, and adjusts 
the voltage level of the internal electrical power source voltage Veep is included. The sense 
power circuit which generates the internal electrical power source voltage for a sense 
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amplifier is constituted by 502s of reference voltage generating circuits, and 504s of 
pressure-lowering circuits, and the circumference power circuit which generates the internal 
electrical power source voltage Veep to a circumference circuit by reference voltage 
generating circuit 502p and pressure-lowering circuit 504p is constituted. Preparing 
separately a sense power circuit and a circumference power circuit is based on the following 
reasons. 

lOOlO] Charge and discharge are performed in the bit Hne pair BLP connected to the 
selection word Une WL at the time of actuation of the sense ampHfier circioit 300 shown in 
drawing 47 . The charge and discharge current at the time of this sense amplifier actuation 
has the comparatively big current value, and in order to compensate this big current' 
consumption, current driving force with 504 bigs of pressiu-e-lowering circuits of a sense 
power circuit is needed. However, it is not necessary to return the internal electrical power • 
source voltage (for sense supply voltage to be called hereafter) Vccs to the original condition 
at high speed, therefore high-speed responsibility is not required so much for 504s of 
pressure-lowering circuits that what is necessary is just to perform the charge and discharge 
of the bit line pair BLP. On the other hand, in order to be a high^-speed about these . 
circumference circuits in pressure-lowering circuit 504p of a circumference power circuit at 
the time of circumference circuit actuation and to make it operate to stability, it is necessary 
to compensate the voltage variation of the internal electrical power source voltage 
(circumference supply voltage is called hereafter) Veep at high speed, and a high-speed 
response characteristic is required. On the other hand, compared with the time of sense 
amplifier actuation, small current is only consumed at the time of circumference circuit 
actuation. Therefore, although the amount of drive current of pressure-lowering circuit 504p 
of a circumference power circuit is comparatively small, it is reqmred that it should have a 
high-speed response characteristic. For these different properties demanded, a sense power 
circmt and a circumference power circuit are prepared separately. 
[0011] 

[Problem(s) to be Solved by the Invention] In the conventional semiconductor memory, a 
power circuit is separately prepared to a circumference circuit and each sense amplifier 
circuit. Since voltage levels differ, the sense supply voltage Vccs and the circumference 
supply voltage Veep are generated from the reference voltage generating circuits 502s and 
502p where the reference voltages Vrefs and Vrefp which determine the voltage level of such 
supply voltage Vccs and Veep are separate respectively. For this reason, the area which a 
reference voltage generating circuit occupies in the internal power circuit 500 becomes large, 
and there is a problem that circuit occupancy area cannot be reduced. Moreover, since these 
reference voltage generating circuits 502s and 502p were formed separately, at the time of 
voltage-level adjustment of reference voltages Vrefs and Vrefp, these needed to be adjusted 
separately and there was a problem of taking the time and effort of the voltage-level 
adjustment (trimming). 
[0012] Drawing 49 is drawing showing an example of the configuration of the pressure- 
lowering circuits 504s and 504p shown in drawing 48 . Since circumference pressure- 
lowering circuit 504p which generates 504s of sense pressure-lowering circuits and the 
circvimference supply voltage Veep which generate the sense supply voltage Vccs is both 
equipped with the same configuration, it shows the pressure-lowering circuit 504 typically in 
drawing 49 

[0013] Comparator 505a with which the pressure-lowering circuit 504 compares the internal 
supply voltage Vcc and reference voltage Vref on 505d of internal electrical power source 
lines in drawing 49 , Current drive circuit 505b which consists of n channel MOS transistors 
which supply current to 505d of internal electrical power source lines from the external 
power node which receives the external power voltage Vext according to the output signal of 
comparator 505a, Reset transistor 505c which consists of p channel MOS transistors which 
answer a powering-on detecting signal / POR, and transmit the external power voltage Vext 
to 505d of after [ powering on ] internal electrical power source Hnes is included. After 
powering on, a powering-on detecting signal / POR is used in order to consider as the active 
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state of L level and to perform initial setting of an internal-circuitry node until the external 
power voltage Vext will reach a predetermined voltage level or it will be in a stable state. 
[0014] Usually comparator 505a consists of differential amplifier, receives the internal 
electrical power source voltage Vcc in a plus input, and receives reference voltage Vref in a 
negative input. When the internal electrical power source voltage Vcc is higher than 
reference voltage Vref, the output signal of comparator 505a serves as H level, and cvurrent 
drive transistor 505b maintains an OFF state. On the other hand, when the internal 
electrical power source voltage Vcc is lower than reference voltage Vref, the output signal of 
comparator 505a serves as a low level according to such voltage Vcc and the difference of 
Vref, and the conductance of current drive transistor 505b becomes large. Thereby, current is 
supplied to 505d of internal electrical power source Unes from an external power node, and 
the voltage level of the internal electrical power soiurce voltage Vcc rises. Therefore, in the 
configuration of the pressure-lowering circuit 504 shown in this drawing 49 , the internal 
supply voltage Vcc is mostly maintained by the voltage level of reference voltage Vref. 
[0015] Drawing 50 is drawing showing the relation between the internal supply voltage Vcc, 
reference voltage Vref, and the external power voltage Vext. In drawing 50 , a horizontal axis 
shows* the voltage level of the external power voltage Vext, and each voltage is shown on an , 
axis of ordinate. Reference voltage Vref is generated from the external power voltage Vext. 
Reference voltage Vref usually consists of a constant current source and a resistance circuit, 
and when the external power voltage Vext is a low voltage level, the voltage level of reference 
voltage Vref also rises according to the level of this external power voltage Vext. If the 
external power voltage Vext becomes more than a predetermined voltage level, reference 
voltage Vref will maintain the level of the fixed voltage Va irrespective of the voltage level of 
this external power voltage Vext. The internal electrical power source voltage Vcc is 
generated based on the comparison with this reference voltage Vref and the voltage on 505d 
of internal electrical power source lines. Although the internal electrical power source voltage 
Vcc is almost equal to the voltage level of reference voltage Vref, its voltage level of the 
internal electrical power source voltage Vcc is somewhat lower than the voltage level of 
reference voltage Vref by channel resistance of current drive transistor 505b. 
[0016] Supply voltage Vext is switched on, if the voltage level of the external power voltage 
Vext rises, it wiU respond, and in reference voltage Vref, a voltage level rises. Comparator 
505a and current drive transistor 505b adjust the voltage level of the internal electrical 
power sovtrce voltage Vcc according to the comparison result of the voltage and reference 
voltage Vref on 505d of this internal electrical power source line. Therefore, if the external 
power voltage Vext is switched on, the voltage level rises and the voltage -level rise of 
reference voltage Vref goes up, it will respond and the voltage level of the internal electrical 
power source voltage Vcc will also rise. If reference voltage Vref reaches and is stable to a 
fixed voltage level, the voltage level of the internal electrical power source voltage Vcc will 
also be stabiUzed. In order to stabilize it after the voltage level of reference voltage Vref 
stabilizes the voltage level of the internal supply voltage Vcc, it becomes impossible 
therefore, to stabilize the internal supply voltage Vcc at high speed after an external power 
voltage Vext injection. Then, as shown in drawing 49 , the voltage level on a power up and 
this internal electrical power source line 504 is raised according to the voltage level of the 
predetermined period external power voltage Vext using reset transistor 505c. 
[0017] Drawing 51 is drawing showing change of the internal supply voltage of a power up. 
In drawing 51 , powering on is performed in time of day tO, and the voltage level of the 
external power voltage Vext rises. In this condition, a powering-on detecting signal / POR 
maintains L level. Therefore, reset transistor 505c will be in an ON state, and the voltage 
Vcc on 505d of internal electrical power soiirce Unes changes according to the voltage level of 
the external power voltage Vext. 

[0018] In time of day tl, if the external power voltage Vext reaches the level of the 
predetermined voltage level Vb, a powering-on detecting signal / POR will be in the non- 
active state of H level, and reset transistor 505c will be in an OFF state. After this, the 
internal electrical power source voltage Vcc drives even on reference voltage Vref level by 
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comparator circuit 505a and current drive transistor 505b. 
10019] By using this reset transistor 505c, the voltage level of the internal supply voltage Vcc 
on 505d of internal electrical power source lines can be started at an after [ powering on ] 
high speed, and a predetermined voltage level (reference voltage Vref level) can be stabihzed 
^ early timing. 

10020] However, 505d of internal electrical power source hnes is combined with the node 
which receives external power voltage until a powering-on detecting signal / FOR serves as H 
level of a non-active state after powering on in this case. For this reason, on 505d of internal 
electrical power source Hnes, high voltage is superfluously impressed by for example, the 
power supply noise etc., the circuit using the internal supply voltage Vcc on 505d of this ' 
internal electrical power source line is destroyed (zero time destruction), or that rehabihty 
falls (since big voltage stress is impressed for every powering on). When this pressure- 
lowering circuit 504 is especially activated at the time of internal-circuitry actuation, it is 
necessary to drive the voltage Vcc on 505d of internal electrical power source hnes to a 
predetermined voltage level according to the standby pressure-lowering circuit which was 
prepared independently and which always [, of current, driving force /.small ] operates. In 
order to stabilize the internal electrical power source voltage Vcc at high speed, the problem 
that a powering-on detecting signal / timing adjustment of FOR becomes troublesome, and it 
becomes difficult to secure the rehabiUty of an internal circuitry arises. Moreover, as the 
dashed hne wave of drawing 51 shows, when this powering-on detecting signal / FOR is held 
at L level of a long period active state, it will drive to a voltage level with the internal supply 
voltage Vcc higher than reference voltage Vref, the high voltage beyond necessity wiU be 
impressed to an internal circuitry, and an element property deteriorates, or a circuit element 
, . destroyed. 
10021] Drawing 52 is drawing showing the temperature dependence of reference voltage Vref 
and the internal supply voltage Vcc. In drawing 52 , temperature T is shown on a horizontal 
axis and voltage V is shown on an axis of ordinate. The voltage level rises as are shown in 
drawing 52 , and reference voltage Vref and the internal supply voltage Vcc have the positive 
temperature characteristic and temperature T becomes high. This plans compensating the 
fall of the working speed accompanying the drain current fall by the substantial increment in 
the channel resistance which prevents the element property deterioration resulting from the 
gate insulator layer trap of the hot carrier which the insulated gate field effect transistor 
(MOS transistor) contained in an internal circuitry generated, and originates in a hot carrier 
at the time of elevated-temperature actuation in a low -temperature active region. However, 
when the internal electrical power source voltage Vcc has this positive temperatxire 
characteristic, the problem of the following [ a low -temperature field ] arises. Namely, in a 
low-temperature field, as for an MOS transistor, the absolute value of the threshold voltage 
becomes large. Therefore, when the gate voltage of an MOS transistor faUs in this low- 
temperature field, the absolute value of the effectual voltage between the gate-sources of an 
MOS transistor becomes small, and the problem (it will not be in an ON state) which it stops 
being able to carry out high-speed operation of the MOS transistor, and malfunctions arises. 
In order to amplify the difference of the bit Hne voltage of intermediate voltage level, and the 
sense supply voltage Vccs in the case of the sense amplifier contained especially in a sense 
amplifier circuit, the voltage between the gate-sources of the MOS transistor of that 
component is set to maximum Vccs-Vccs / 2 at the time of initiation of operation, and it 
becomes remarkable increase of the absolute value of the threshold voltage of this MOS 
transistor and influencing [ of the sense supply voltage Vccs ] it of a fall. When this sense 
supply voltage Vccs is optimized in a low-temperature field, the sense supply voltage Vccs 
becomes high too much at the time of elevated-temperature actuation, and problems, such as 
destruction of a gate insulator layer or deterioration, arise. 
10022] In order to carry out high-speed operation of this sense amphfier circuit, it is possible 
at the time of sense actuation initiation to raise the level of the sense supply voltage Vccs 
given in this sense amplifier circuit. In this case, the sense amphfier supply voltage to a 
sense amplifier circuit is raised even on circumference supply voltage Veep level, and this 
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pressure-up voltage is accumulated in a capacitor. By performing sense actuation using the 
charge accumulated in this capacitor at the time of sense actuation, it plans performing high- 
speed sense actuation. However, in such a case, it is necessary to form the capacitor for 
pressure-up voltage in the sense power supply hne which carries out voltage of the sense 
amplifier supply voltage Vccs. In this case, when the capacity value of a capacitor is expected 
and a margin is set up, capacitor occupancy area becomes large beyond necessity, and the 
problem that a chip area increases arises. 

[0023] Moreover, in order to reduce the system-wide consimied electric current, the voltage 
level of the external power voltage Vext is made low. When it becomes close to the level of the 
voltage Va which the voltage level of this external power voltage Vext falls, and is shown in 
drawing 50 , Namely, when the difference of the external power voltage Vext and the internal 
electrical power source voltage Vcc becomes small, The voltage between source-drains of 
current drive transistor 505b shown in drawing 49 becomes small. The current serviceability 
of this current drive transistor 505b decUnes, and it becomes impossible to compensate the 
fall of the internal supply voltage Vcc at high speed, and it becomes impossible to hold the 
internal supply voltage Vcc to stability at a predetermined voltage level at the time of change 
of the internal supply voltage Vcc. The fall of the amount of supply current from the external 
power node at the time of the fall of this external power voltage Vext to an internal electrical 
power source Une constitutes that one cause also for the output signal of a comparator again, 
as shown below. 

[0024] Drawing 53 is drawing showing an example of the configuration of comparator 505a 
shown in drawing 49 . The p channel MOS transistor PQl by which comparator 505a is 
connected between an external power node and Node NDA, and the gate is connected to Node 
NDB in drawing 53 , The p channel MOS transistor PQ2 by which connects between an 
external power node and Node NDB, and the gate is connected to Node NDB, The n channel 
MOS transistor NQl which is connected between Node NDA and Node NDC, and receives 
reference voltage Vref in the gate, The n channel MOS transistor NQ2 which is connected 
between Node NDB and Node NDC, and receives the internal electrical power source voltage 
Vcc in the gate, The n channel MOS transistor NQ3 which is connected between Node NDC 
and a touch-down node, and receives the activation signal ACT in the gate is included. Node 
NDA is connected to the gate of current drive transistor 505b. 
[0025] MOS transistors PQl and PQ2 constitute current Miller circuit, and transmit the 
current of the same magnitude to MOS transistors NQl and NQ2. MOS transistor NQ3 is a 
current source transistor, and restricts, the operating current of this comparator 505a. The 
circuit connected to 505d of internal electrical power source lines operates, and the activation 
signal ACT is activated when consuming this internal electrical power source voltage Vcc. 
[0026] In the configuration of comparator 505a shown in this drawling 53 , the voltage level of 
Node NDC becomes higher than a touch-down voltage level by channel resistance of MOS 
transistor NQ3. If the voltage level of this node NDC rises when the backgate of MOS 
transistors NQl and NQ2 is connected to the touch-down voltage level, the backgate effect of 
the MOS tracking NQl and NQ2 will become large, those threshold voltage will become high, 
and that amoxmt of drive current will become smaU. The minimum attainment potential of 
Node NDA is a voltage level on Node NDC, and becomes higher than a touch-down voltage 
level. This node NDA is connected to the gate of current drive transistor 505b. Therefore, if 
the voltage level of the external power voltage Vext falls, the voltage between the gate- 
sources of this current drive transistor 505b will become still smaller, and the current 
serviceabihty of current drive transistor 505b will become small. Therefore, if the difference 
of the external power voltage Vext and the internal electrical power source voltage Vcc 
becomes small, the voltage between source-drains of current drive transistor 505b will 
become small, and the voltage between the gate-sources will become small, and the current 
serviceability of this current drive transistor 505b wiU decline further. In order to enlarge 
current serviceabihty of this current drive transistor 505b, it is necessary to set that gate 
width W as the magnitude of several mm, and the problem that circuit occupancy area 
increases produces it. 
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[0027] Moreover, the activation signal ACT needs to be activated to compensate for 
consumption of the internal electrical power source voltage Vcc on 505d of internal electrical 
power source lines. It is necessary to make circuit occupancy area for generating this 
activation signal ACT as small as possible. 

[0028] Moreover, it operates at the time of not the pressure-lowering circuit that answers the 
activation signal ACT as shown in drawing 53 , and is activated alternatively but standby, 
and in the case of the pressure-lowering circuit which compensates the leakage current at 
the time of standby, it replaces with the activation signal ACT and the bias voltage of a fixed 
voltage level is given. In this case, in order for the voltage level of Node NDC to become 
higher (since the conductance of a current source transistor becomes small), and for the' 
problem that the current serviceability of a current drive transistor declines when this 
external power voltage Vext is low to become more remarkable and to compensate leakage 
current at the time of standby, the problem that it will be necessary to use the current drive 
transistor of a big occupancy area arises. 

[0029] As mentioned above, in the case of the conventional internal power circuit, there was a 
problem that it was small occupancy area and internal supply voltage could not be generated • 
by the low consumed electric current to stability over the large range of an operational 
parameter (operating temperature and supply voltage). 

[0030] So, the purpose of this invention is offering the internal power circuit which can 
generate the internal supply voltage which operates an internal circuitry to stability* 
[0031] Other purposes of this invention are offering the internal power circuit which can 
generate the internal supply voltage of desired level in stabiUty in low occupancy area. 
[0032] The purpose of fiurther others of this invention is offering the circuit element which 
can apply the internal supply voltage which operates an internal circuitry to stability over a 
large operational-parameter range to the internal power circuit which can be generated in 
the low consumed electric current and low occupancy area. 
[0033] 

[Means for Solving the Problem] A semiconductor device concerning claim 1 is equipped with 
a means for adjusting capacity value of an internal electrical power source circuit for 
generating internal electrical power source voltage from external power voltage, an internal 
circmtry using internal electrical power source voltage from this internal electrical power 
source circuit, a capacitative element combined with an internal electrical power source Une 
which transmits this internal electrical power source voltage, and this capacitative element. 
[0034] A means by which, as for a semiconductor device concerning claim 2, an internal 
electrical power source circtiit of claim 1 generates the 1st reference voltage, A means to 
generate the 2nd reference voltage of a different voltage level from this 1st reference voltage, 
It has a pressure-lowering means to supply current to an internal electrical power source line 
from a node which supplies external power voltage according to a selection means to answer 
a change signal and to choose one side of the 1st and 2nd reference voltages, and reference 
voltage from a selection means and voltage on an internal electrical power source line. 
[0035] Equipment of claim 2 answers a specific mode-of-operation indication signal which 
specifies a further specific mode of operation, and a semiconductor device concerning claim 3 
is equipped with a mode setting means for enabling the exterior to a setup of the 1st 
reference voltage which the 1st reference voltage generating means generates. 
[0036] An internal circuitry of claim 1 is arranged corresponding to each train of two or more 
memory cells arranged in the shape of a matrix, and a memory cell, and a semiconductor 
device concerning claim 4 contains two or more sense amplifiers with which each detects 
data of a memory ceU of a train of correspondence, and amplifies and latches it as supply 
voltage of operation at the time of activation, using internal electrical power source voltage 
on the other hand. 

[0037] A semiconductor device concerning claim 5 includes an output circuit for an internal 
circuitry of claim 1 to output to the exterior data of a memory cell with which it was chosen 
of two or more memory cells and the memory cells of these plurality. This output circuit 
includes a level-conversion circuit for changing a voltage level of data of a selection memory 
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cell. On the other hand, this level-conversion circuit operates internal electrical power source 
voltage as supply voltage of operation. 

[0038] A semiconductor device concerning claim 6 is equipped with a means to generate 
reference voltage which has the temperature characteristic of negative or zero in the 1st 
temperature field, and has the positive temperature characteristic in the 2nd hot 
temperature field rather than the 1st temperature field, and a means to generate internal 
electrical power source voltage based on this reference voltage. 
[0039] 1st voltage generating means by which a semiconductor device concerning claim 7 
generates the 1st voltage to which a reference voltage generating means of claim 6 is 
proportional to resistance ratio of the 1st and 2nd resistance elements formed with the same 
material, 2nd voltage generating means to generate the 2nd voltage proportional to 
resistance ratio of the 3rd and 4th resistance elements formed with a mutuaUy different 
material, In response to the 1st and 2nd voltage from these [ 1st ] and the 2nd voltage 
generating means, it has an OR means to generate voltage according to a voltage level of the 
higher one as reference voltage. 

[0040] The 1st resistance element connected between an external power node and the 1st 
node in which, as for a semiconductor device concerning claim 8, the 1 st. voltage generating . 
means of claim 6 receives external power voltage. An insulated gate field effect transistor of 
the 1st conductivity type by which connects between an external power node and the 2nd 
node, and the gate is connected to the 2nd node. The 2nd insulating mold field-effect 
transistor of the 1st conductivity type by which connects between the 1st node and the 3rd 
node, and the gate is connected to the 2nd node, Current Miller circuit which produces a flow 
of current of the same magnitude as these 2nd and 3rd nodes, The 1st insulated gate field 
effect transistor and current MiUer circuit are constituted, and the 2nd resistance element 
which transforms into voltage current from the 1st current source transistor which supplies 
current, and this 1st current source transistor, and generates the 1st voltage is included. 
[0041] The 3rd resistance element to which the 2nd voltage generating means is connected 
between an external power node and the 4th node. The 3rd insulated gate field effect 
transistor of the 1st conductivity type by which connects between an external power node 
and the 5th node, and the gate is connected to the 5th node, The 4th insulated gate field 
effect transistor of the 1st conductivity type by which connects between the 4th node and the 
6th node, and the gate is connected to the 5th node, The 2nd current Miller circuit which 
supplies current of the same magnitude as the 5th and 6th nodes, Current which the 3rd 
insulated gate field effect transistor, ' the 2nd current source transistor which constitutes 
current Miller circuit, and this 2nd current source transistor supply is transformed into 
voltage, and the 4th resistance element which generates the 2nd voltage is included. 
[0042] As for a semiconductor device concerning claim 9, the gate and a drain consist of 
insulated gate field effect transistors which interconnected, as for the 4th resistance element 
of claim 8. 

[0043] The 3rd resistance element of claim 8 consists of refractory metal silicide, arid, as for a 
semiconductor device concerning claim 10, the 4th resistance element consists of impurity 
diffusion resistance. Preferably, this impurity diffusion resistance contains a P type impiu-ity 
in high concentration. 

[0044] A semiconductor device concerning claim 11 contains an instdated gate field effect 
transistor by which the source is connected with a source couple stage where OR means of 
claim 7 receives the 1st and 2nd voltage in each gate, and this source couple stage, and that 
gate and drain are connected to a reference voltage output node. A current drive transistor 
combined between external power nodes and internal electrical power source Unes by which 
a semiconductor device concerning claim 12 receives external power voltage, A level- 
conversion circmt which receives reference voltage and internal electrical power source 
voltage on an internal electrical power source line, and changes both level of such reference 
voltages and internal electrical power source voltage, Reference voltage and internal 
electrical power soxirce voltage from this level-conversion circuit by which the level 
conversion was carried out are compared, and it has a comparator circuit which adjusts 
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conductance of a current drive transistor according to that comparison result. 
[0045] It is combined between a current mirror stage to which it is combined with an 
external power node and a comparator circuit of claim 12 supplies current, and this current 
mirror stage and a touch-down node, and a semiconductor device concerning claim 13 
contains an insulated gate field effect transistor pair which receives internal electrical power 
source voltage and reference voltage by which the level conversion was carried out to the 
gate, respectively. Each one side flow node of these insulated gate field effect transistor pair 
receives touch-down voltage. 

[0046] The 1st insulated gate field effect transistor from which a level-conversion circuit of 
claim 12 is combined between the 1st node and the 2nd node, and a semiconductor device' 
concerning claim 14 receives internal electrical power source voltage in the gate., The 2nd 
insulated gate field effect transistor which is combined between the 1st node and the 3rd 
node, and receives reference voltage in the gate. The 3rd insulated gate field effect transistor 
by which it is combined between the 2nd node and a touch-down node, and the gate is 
combined with the 3rd node, The 4th insulated gate field effect transistor by which it is 
combined between the 3rd node and a touch-down node, and the gate is*combined with the . 
3rd node is included. Reference voltage by which the level conversion was carried out is 
outputted from the 3rd node, and internal electrical power source voltage by which the level 
conversion was carried out is outputted from the 2nd node. Moreover, the 1st to 4th insulated 
gate field effect transistor is a transistor of the same conductivity type. 
[0047] A semiconductor device concerning claim 15 is equipped with an insulated gate field 
effect transistor of two or more same conductivity t3q)es connected to a serial between the 1st 
node and the 2nd node. Each gate of an insulated gate field effect transistor of these plurality 
is connected to a transistor connection node which placed one transistor in between. Each 
connection node turns into a node which outputs voltage which pressured partially voltage 
between the 1st and 2nd nodes. 

[0048] A semiconductor device concerning claim 16 is connected so that it may connect with 
one 1st flow node of two insulated gate field effect transistors which a backgate of two 
insulated gate field effect transistors which a backgate of two or more insulated gate field 
effect transistors of claim 15 adjoins this adjoins in common. The 1st of two insiilated gate 
field effect transistors and the 2nd flow node which a connection node between transistors 
adjoins are connected. 

[0049] A reference voltage generating circuit in which a semiconductor device concerning 
claim 17 generates the 1st and 2nd reference voltages in response to current from this 
constant current source including a constant current soxirce and two or more resistance 
elements which connect with a serial, A pressure-lowering circuit which generates the 1st 
and 2nd internal electrical power sovirce voltage from external power voltage according to 
each of these 1st and 2nd reference voltages^ With a memory array which has two or more 
memory cells arranged in the shape of a matrix, it is prepared corresponding to memory cell 
each train, and the 1st internal electrical power source voltage is used. It has a 
circumference circuit which performs memory cell selection actuation using two or more 
sense amplifiers which perform detection and ampUfication of data of a memory cell of a 
train of correspondence at the time of activation, and the 2nd internal electrical power source 
voltage. 

[0050] A semiconductor device concerning claim 18 is equipped with an insulated gate field 
effect transistor of two or more same conductivity types by which a reference voltage 
generating circuit of claim 17 is connected to a serial between the 1st node and the 2nd node 
which receive current from a constant cxirrent source. Each gate of an insulated gate field 
effect transistor of these plurality is connected to a transistor connection node which placed 
one transistor in between. Each connection node turns into a node which outputs voltage 
which pressured partially voltage between the 1st and 2nd nodes. One 1st flow node of a 
contiguity MOS transistor pair and the 2nd flow node of another side connect a transistor 
connection node. 
[0051] Activation of an activation signal from a decoding circuit which decodes a signal of two 
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or more predetermined nodes of a delay chain which receives a mode-of-operation indication 
signal, and this delay chain including two or more delay stages by which series connection is 
carried out, and generates an activation signal, and this decoding circuit answers, it is 
activated, and the semiconductor device concerning claim 19 includes the pressure-lowering 
circmt which adjusts level of internal electrical power source voltage according to a difference 
of internal electrical power source voltage and reference voltage. This pressure-lowering 
circuit includes a comparator circuit which compares internal electrical power source voltage 
and voltage corresponding to each reference voltage. 

[0052] A semiconductor device concerning claim 20 includes a means by which a decoding 
circuit of claim 19 generates the 1st activation signal which activates a pressure-lowering 
circuit, and the 2nd activation signal which carries out the increment in a predetermined- 
period of this activated operating current of a comparator circuit of a pressure-lowering 
circuit. 

[0053] A semiconductor device concerning claim 21 includes a means by which a decoding 
circuit of claim 20 answers each activation and deactivation of a mode-of-operation indication 
signal, and activates the 2nd activation signal. 

[0054] The 1st internal pressure-lowering circuit where, as for a semiconductor device 
concerning claim 22, a pressure-lowering circuit of claim 20 adjusts level of the 1st internal 
electrical power source voltage according to a difference of the 1st reference voltage and the 
1st internal electrical power soxirce voltage, It is prepared apart from this 1st pressure- 
lowering circuit, and the 2nd internal pressure-lowering circuit which compares the 2nd 
reference voltage with the 2nd internal electrical power source voltage, and adjusts level of 
the 2nd internal electrical power source voltage according to this comparison result is 
included. The 1st and 2nd activation signals are given [ both ] in the 1st internal pressure- 
lowering circuit. 
[0055] The 1st internal pressure-lowering circuit where, as for a semiconductor device 
concerning claim 23, a pressure -lowering circuit of claim 20 adjusts level of the 1st internal 
electrical power source voltage according to a difference of the 1st reference voltage and the 
1st internal electrical power source voltage. It is prepared apart from this 1st internal 
pressure-lowering circuit, and the 2nd internal pressure-lowering circuit which adjusts level 
of the 2nd internal electrical power source voltage according to a difference of the 2nd 
reference voltage and the 2nd internal electrical power source voltage is included. The 1st 
and 2nd activation signals are given in the 1st and 2nd internal pressure-lowering circuits, 
respectively. 

[0056] A semiconductor device concerning claim 24 compares voltage respectively 
corresponding to reference voltage and internal electrical power source voltage on this 
internal electrical power sovirce line with a cvirrent drive transistor combined between an 
external power node which receives external power voltage, and an internal electrical power 
source Une at the time of activation, and is equipped with an activation means activate a 
comparator circuit according to a comparator circuit which controls conductance of a cvurent 
drive transistor according to this comparison result, and level of internal electrical power 
source voltage. 
[0057] A semiconductor device concerning claim 25 includes a means by which an activation 
means of claim 24 activates a comparator circuit according to a difference of internal 
electrical power source voltage and reference voltage. 

[0058] A semiconductor device concerning claim 26 includes a means by which an activation 
means of claim 24 activates a comparator circuit according to a difference of reference 
voltage, another, different reference voltage, and internal electrical power source voltage. 
[0059] A semiconductor device concerning claim 27 includes a means by which an activation 
means of claim 24 activates a comparator circuit according to a difference of internal 
electrical power source voltage and external power voltage. 
[0060] A semiconductor device concerning claim 28 includes a means by which claim 24 
thru/or one activation means of 27 will deactivate a comparator circuit if a difference of 
internal electrical power source voltage and external power voltage becomes below a 
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predetermined value. 
[0061] By adjusting capacity value of a capacitative element, the occupancy area can be made 
into min by being able to transmit internal supply voltage of a desired voltage level to 
stability to an internal circuitry, and enabling adjustment of capacity value of a capacitative 
element. 

[0062] giving the temperature characteristic of negative or zero for reference voltage used as 
criteria of internal supply voltage in the 1st temperature field, and giving the temperature 
characteristic positive in the 2nd temperature field - a lowtemperature field and an 
elevated-temperature field - also in any, internal supply voltage level can be optimized and a 
field-effect transistor of an internal circuitry can be operated to a high speed and stability. 
[0063] Moreover, after changing level of reference voltage and internal supply voltage, by 
comparing, an active region of a comparator can be set as the optimal field, and a pressure- 
lowering circviit which was excellent in a response characteristic at the time of external 
power sag can be realized. 

[0064] Moreover, by connecting with a connection node of a transistor which left the one gate 
of ah MOS transistor by which series connection is carried out, effect of threshold voltage can - 
be reduced, these MOS transistors can be operated in resistance mode to stability, and 
internal voltage of a desired voltage level can be generated. 
[0065] Occupancy area of a reference voltage generating circuit can be reduced by 
considering as a configuration which generates the 1st and 2nd reference voltages from one 
reference voltage generating circuit. 

[0066] Moreover, occupancy area of a control circuit can be reduced by generating an 
activation signal by decoding of a delay signal, 

[0067] Moreover, by activating a comparator circuit of a pressure-lowering circuit 
alternatively according to level of internal supply voltage, also in a power up, a pressure- 
lowering circuit can be operated according to internal supply voltage level, and it can prevent 
that high voltage is impressed superfluously on an internal electrical power source line, and 
can prevent that an internal circuitry is destroyed. 
[0068] 

[Embodiment of the Invention] [Whole configuration] drawing 1 is drawing showing roughly 
the configuration of the whole semiconductor memory with which this invention is apphed. 
In drawing 1 , this semiconductor memory includes the memory cell array ICQ, the address 
input buffer 200, the line selection circuitry 250, the sense amplifier circuit 300, the train 
selection circuitry 350, and the I/O circuit 400 as usual. On the other hand, the address input 
buffer 200, the Kne selection circuitry 250, the train selection circuitry 350, and the I/O 
circuit 400 receive the circumference supply voltage Veep as supply voltage of operation, 
respectively. The sense ampUfier circuit 300 receives the sense supply voltage Vccs. 
[0069] This semiconductor memory includes further the internal electrical power source 
circuit 1 which generates the circumference supply voltage Veep and the sense supply voltage 
Vccs from the external power voltage Vext, and the voltage-level control circuit 10 which 
adjusts the level of the supply voltage Veep and Vccs which this internal electrical power 
source circuit 1 generates according to a mode of operation. Although the configuration of the 
internal electrical power source circuit 1 is explained below at details, it is small occupancy 
area and generates supply voltage Veep and Vccs to stabihty over a large external power 
voltage field and a temperature field. The voltage-level control circuit 10 adjusts and 
stabilizes the voltage level of the supply voltage Veep and Vccs from the internal electrical 
power source circuit 1 at a power up or the time of sense ampUfier actuation of this 
semiconductor memory. The internal power circuit 1 and the voltage-level control circuit 10 
can generate internal supply voltage to stabihty in small occupancy area, and the internal 
circuitry of this semiconductor memory can be operated to stability. 
[0070] In addition, the internal electrical power source circuit 1 adjusts the voltage level of 
this internal electrical power source voltage according to the comparison result of the 
reference voltage from a reference voltage generating circuit and the internal electrical 
power source voltage Vcc (Veep or Vccs) which are contained inside. 
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[0071] [The gestalt 1 of operation] 

Reference- voltage generating circuit i: Drawing 2 is drawing showing the configuration of 
the reference voltage generating circuit according to the gestalt 1 of implementation of this 
invention. 1st voltage generating circuit 2a which generates the 1st voltage VI on which the 
reference voltage generating circuit 2 has the positive temperature characteristic to which 
the voltage level rises with a temperature rise in drawing 2 , Whether the voltage level falls 
with a temperature rise Or 2nd voltage generating circuit 2b which generates the 2nd 
voltage V2 which has the temperature characteristic of negative [ which becomes fixed ], or 
zero, OR circuit 2c which chooses the voltage of the high voltage level of the 1st voltage VI 
and the 2nd voltage V2, and is outputted as reference voltage Vref is included. 
[0072] The p channel MOS transistor Ql by which 1st voltage generating circuit 2a is 
connected between an external power node and Node NDD, and the gate is connected to 
Node NDD, The p channel MOS transistor Q2 by which the source is connected to an 
external power node through a resistance element Rl, a drain is connected to Node NDE, 
and the gate is connected to Node NDD, The n channel MOS transistor Q3 by which connects 
between Node NDD and a touch-down node, and the gate is connected to Node NDE, The n 
channel MOS transistor Q4 by which connects between Node NDE and a touch-down node, 
and the gate is connected to Node NDE, The resistance element RLl which transforms into 
voltage the current 13 supplied from the p channel MOS transistor Q5 which supphes 
current from an external power node according to the voltage level of Node NDD, and this 
MOS transistor Q5, and generates the 1st voltage VI is included. Channel width Wl of MOS 
transistor Ql is made sufficiently smaller than the channel width W2 of MOS transistor Q2. 
MOS transistors Q3 and Q4 constitute current Miller circuit, and MQS transistors Ql and 
Q5 constitute current Miller circuit. Resistance elements Rl and RLl consist of same 
materials. 

[0073] 2nd voltage generating circuit 2b is equipped with the same configuration as 1st 
voltage generating circuit 2a. However, as for this 2nd voltage generating circuit 2b, 
materials differ [ resistance elements R2 and RL2 ]. Other configurations are the same as 
this 1st voltage generating circuit 2a, and give the same reference number to a corresponding 
portion. Therefore, MOS transistors Q1-Q5 fill the relation of the same size (ratio of channel 
width and channel length) in 1st voltage generating circuit 2a and 2nd voltage generating 
circuit 2b. 
[0074] The p channel MOS transistor Q6 by which OR circuit 2c is connected between an 
external power node and Node NDF, and the gate is connected to Node NDF, The p channel 
MOS transistor Q7 by which connects between an external power node and Node NDG, and 
the gate is connected to Node NDF, The n channel MOS transistor Q8 which is connected 
between Node NDF and Node NDH, and receives the 1st voltage VI in the gate, The n 
channel MOS transistor Q9 which is connected between Node NDF and Node NDH, and 
receives the 2nd voltage V2 in the gate, The n channel MOS transistor QlO by which 
connects between Node NDG and Node NDH, and the gate is connected to Node NDG, The n 
channel MOS transistor Qll which is connected between Node NDH and a touch-down node, 
and receives the external power voltage Vext in the gate is included. MOS transistors Q6 and 
Q7 constitute current Miller circuit, and MOS transistors Q8, Q9, and QlO constitute source 
joint logic (source KAPPURUDO logic). Next, actuation is explained. 
[0075] First, actuation of 1st voltage generating circuit 2a is explained. MOS transistors Q3 
and Q4 current MiUer circuit " constituting - moreover, the size (ratio of channel width 
and channel length of these MOS transistors Q3 and Q4 - mutual " etc. - it spreads " it is 
carried out, and gets down and the current of the same magnitude flows to MOS transistors 
Ql and Q2 (11=12). MOS transistors Ql and Q2 differ in the channel width. The resistance 
element Rl has sufficiently big resistance, the current which flows to MOS transistors Ql 
and Q2 is minute current, and these MOS transistors Ql and Q2 operate in a subthreshold 
level field. Make voltage between the gate-sources of MOS transistor Ql into voltage Vgsl, 
and let voltage between the gate-sources of MOS transistor Q2 be voltage Vgs2. These MOS 
transistors Ql and Q2 are operating in the subthreshold level field, and since the magnitude 
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of current II and 12 is equal, a degree type is obtained by current Miller circuits Q3 and Q4. 
[0076] 

10, Wl and exp(q-Vgsl/n-k-T) =10, W2, exp (q-Vgs2/n-k-T) 
10 shows the amount of current which flows to per unit channel width of MOS transistors Ql 
and Q2 here, and n is a coefficient expressed with the function of a depletion layer 
capacitance. Moreover, in T, temperature and q show the amount of electronic charge, and k 
shows a Boltzmann's constant. A degree type is obtained from a top type. 
[0077] Vgsl-Vgs2=(n-k-T/q) In (W2/W1) 

On the other hand, since MOS transistor Ql and Q2 gate potential are equal, the voltage Vrl 
impressed to a resistance element Rl serves as Vgsl-Vgs2. Therefore, the current II and 12 ' 
which flows this resistance element Rl and flows in current Ql and Q2, i.e., MOS 
transistors, is expressed with a degree type from a top type. 
[0078] 

Il=I2=(Vgsl-Vgs2)/Rl=(n-k-T/q) In (W2AV1) and 1/Rl MOS transistors Ql and Q5 constitute 
current Miller circuit, the size is made equal and the magnitude of current II and 13 of these 
MOS transistors Ql and Q5 is equal. Therefore, the 1st voltage V-l?* generated by the 
resistance element RLl is expressed with a degree type. 
[0079] Vl=(n-k-T/q) In (W2AV1) and RLl/Rl - 2nd voltage generating circuit 2b is also 
equipped with the same circuitry as 1st voltage generating circmt 2a, and since the size ratio 
of MOS transistors Q1-Q5 is the same, the 2nd voltage V2 is expressed with a degree type. 
[0080] V2=(n-k-T/q) In (W2AV1) and RL2/R2 OR-circuit 2c receives voltage VI and V2 in each 
gate of MOS transistors Q8 and Q9. Those sovirces are combined with Node NDH and MOS 
transistors Q8-Q10 operate in sovirce follower mode. When reference voltage Vref is higher 
than voltage VI and ** 2, the voltage level of Node NDH will serve as Vref-Vth, and MOS 
transistors Q8 and Q9 will be in an OFF state. In this condition, since current does not flow 
to MOS transistor Q6, it responds, and current does not flow to MOS transistor Q7, but, as 
for the reference voltage Vref from Node NDG, that voltage level falls (it discharges by MOS 
transistor Qll). 
[0081] When reference voltage Vref is between the 1st voltage VI and the 2nd voltage V2, one 
side will be [ MOS transistors Q8 and Q9 ] in an ON state. Now, the condition that the 1st 
voltage VI is higher than the 2nd voltage V2 is considered. In this condition, MOS transistor 
Q8 will be in an ON state, MOS transistor Q9 will be in an OFF state, and current flows to 
MOS transistor Qll through MOS transistors Q6 and Q8. The current of the same 
magnitude as the current which flows through this MOS transistor Q6 flows to MOS 
transistor QlO through MOS transistor Q7. Now, since reference voltage Vref is lower than 
the 1st voltage VI, MOS transistor QlO is an OFF state, the voltage level of this node NDG 
rises and the voltage level of reference voltage Vref rises. 
[0082] When reference voltage Vref is lower than voltage VI and V2, since one side will be [ 
MOS transistor Q8 and Q9 one side ] in an ON state and an another side GAOFU condition 
according to the relation of the voltage level of voltage VI and V2, the voltage level of 
reference voltage Vref rises similarly. Therefore, reference voltage Vref is held at voltage VI 
and a voltage level equal to the voltage level of the higher one of ** V2. 
[0083] Drawing 3 is drawing showing the temperature characteristic of reference voltage 
Vref. Resistance elements Rl and RLl consist of same materials. In this case, in the term of 
(RLl/Rl), the temperature dependence of these resistance elements Rl and RLl is negated 
from a previous formula. Therefore, as for the 1st voltage VI, the voltage level rises in 
proportion to temperature T. On the other hand, refractory metal silicide, such as tungsten 
siHcide, is used for a resistance element RL2, and P+ diffused resistor is used as a resistance 
element R2. The temperature dependence of P-i- diffused resistor is large compared with the 
temperature dependence of refractory metal sihcide, such as tungsten sihcide, and the 
resistance of a resistance element R2 becomes higher than the resistance of a resistance 
element RL2 in an elevated-temperature field. Therefore, since RL2/R2 are proportional to 
1/T mostly, as for the 2nd voltage V2, the temperature characteristic maintains about 0 
temperature coefficient from a top type, and it is mostly set to a fixed voltage level over a 
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total-temperature field. Reference voltage Vref is a voltage level almost equal to the voltage 
level of the higher one of voltage VI and V2. Therefore, as shown in drawing 3 , in a low- 
temperature field, it is almost equal to the 2nd voltage V2, and has the about 0 temperature 
characteristic, and on the other hand, in an elevated'temperatxire field, it becomes equal to 
the 1st voltage VI, and has the positive temperature characteristic. According to this 
reference voltage Vref, the internal electrical power source voltage Vcc is generated. 
Therefore, in an elevated-temperature field, it has the positive temperature characteristic 
and the internal electrical power source voltage Vcc which has the about 0 temperature 
characteristic is generated in a low-temperature field. In an elevated-temperature field, 
when the working speed of an MOS transistor may fall, by making a voltage level high for 
this internal supply voltage Vcc, gate voltage of an MOS transistor can be made high and can 
carry out high-speed operation. On the other hand, when the threshold voltage of an MOS 
transistor becomes [ an absolute value ] large in a low-temperature field, by controlling the 
fall of the voltage level of the internal supply voltage Vcc, certainly, an MOS transistor can 
be driven and operated to an ON state, and malfunction can be prevented. 
[0084] [Example of modification] drawing 4 (A) is drawing showing the configxiration of the 
example, of modification of the gestalt 1 of operation of this invention. In drawing 4 , the.., 
configuration of the resistance element RL2 contained in 2nd voltage generating circuit 2b 
shown in drawing 2 is shown. Other configurations are the same as the configuration shown 
in drawing 2 . In drawing 4 (A), a resistance element RL2 contains the p channel MOS 
transistors DQa and DQb by which diode connection was made. When these MOS transistors 
DQa and DQb by which diode connection was made are used, the absolute value of the 
threshold voltage falls with a temperature rise. It is equivalent to current becoming easy to 
flow to MOS transistors DQa and DQb, and resistance becoming small equivalent that the 
absolute value of threshold voltage becomes small. Therefore, when the resistance element 
RL2 shown in drawing 4 (A) of a parenthesis as a resistance element R2 using the impurity 
diffusion resistance which has the positive temperature characteristic is used, as for the 2nd 
voltage V2, that voltage level falls with a temperature rise (RL2/R2**1/T2). That is, as shown 
in drawing 4 (B), the 2nd voltage V2 has a negative temperattu*e property. On the other 
hand, the 1st voltage VI has the positive temperatvire characteristic. Therefore, reference 
voltage Vref has a negative temperature property in a low-temperature field, and has the 
positive temperatiire characteristic in an elevated-temperature field. Since the internal 
electrical power source voltage Vcc is generated according to this reference voltage Vref, the 
internal electrical power source voltage Vcc also has a negative temperature property in the 
temperature characteristic positive in an elevated-temperature field, and a low-temperature 
field. Therefore, when the drain current of an MOS transistor decreases in an elevated- 
temperature field (it originates in channel resistance) and a working speed falls, the 
working-speed faU of an MOS transistor can be controlled by making level of the supply 
voltage Vcc high. Moreover, in a low-temperature field, when the threshold voltage of an 
MOS transistor becomes large by raising the voltage level about the internal supply voltage 
Vcc, a positive MOS transistor can be operated as an ON state. 
[0085] In addition, in an above-mentioned configuration, when the ohms connection of the 
MOS transistor is carried out so that the gate potential of an MOS transistor may be fixed to 
the fixed voltage level of supply voltage or a touch-down voltage level, the channel resistance 
has the positive temperature characteristic which rises with a temperature rise. Therefore, 
the combination of a suitable resistance element should just be used according to the 
temperature characteristic of the internal electrical power source voltage Vcc (Veep or Vccs) 
demanded in the property and this semiconductor memory of each resistance element. The 
1st voltage Vl which has the positive temperature characteristic is generable by using the 
MOS transistor to which the ohms connection of the same material or the same configuration 
was carried out. On the other hand, the 2nd voltage V2 can have negative or the temperature 
characteristic of 0 by using a different material or the resistance element of a configuration. 
[0086] As mentioned above, if the gestalt 1 of implementation of this invention is followed, 
since the reference voltage which has 0 or a negative temperature property in a low- 



-17- 



JP2000-11649A 



temperature field, and has the positive temperature characteristic in an elevated- 
temperature field wUl be generated, internal supply voltage can also have the same 
temperature characteristic, and can operate the circuit using the internal supply voltage 
generated based on this reference voltage at stability and a high speed over a total- 
temperature range. 
[0087] In addition, the p channel MOS transistor is used in drawing 4 (A). The temperature 
coefficient of the absolute value of the threshold voltage of a p channel MOS transistor is [ 
about ]. -It is 2mV/degree C, and the temperature coefficient of the threshold voltage of an n 
channel MOS transistor is [ about ]. -It is l.SmV/degree C. Therefore, the n channel MOS 
transistor by which diode connection was made may be used as a resistance element RL2. 
Moreover, N+ diffused resistor which poured in the N type impurity may be used as impurity 
diffusion resistance. 
[0088] Moreover, in drawing 3 and drawing 4 (B), the border area (change temperature of the 
temperature characteristic) of a low-temperature field and an elevated-temperature field is 
set as temperature with a temperatxire of about 0 degree C. However, this boundary should 
just be set as a- suitable value according to the operating-temperatui»e field where this 
reference voltage generating circuit or semiconductor memory is used. 
[0089] [Gestalt 2 of operation] draw^in^ 5 is drawing showing the configuration of the 
important section of the semiconductor memory according to the gestalt 2 of implementation 
of this invention. In drawing 5 , the configuration of the internal power circuit 1 shown in 
drawing 1 is shown roughly. In the internal power circuit 1 shown in this drawing 5 , the 
reference voltages Vreft) and Vrefs for the circvmiferences are given from the common 
reference voltage generating circuit 2 to 3s of sense pressure-lowering circuits which 
generate circumference pressure-lowering circuit 3p and the sense supply voltage Vccs which 
generate the circumference supply voltage Veep, respectively. Circuit occupancy area and the 
consumed electric current are reduced using one reference voltage generating circuit 2 by 
generating the reference voltage Vrefp for the circumferences, and the reference voltage Vrefs 
for sense. Moreover, the temperature characteristic of such reference voltages Vre^ and 
Vrefs can be made the same, the temperature characteristic of such internal supply voltage 
Veep and Vccs and the relation of a voltage level can be uniformly held over a large 
temperature requirement, and an internal circuitry (a circumference circuit and sense 
amplifier circuit) can be operated to stability. 

[0090] Drawing 6 is drawing showing the configuration of the reference voltage generating 
circuit 2 shown in drawing 5 . In drawing 6 , the reference voltage generating circuit 2 
contains the resistance elements Ri0-R14 which are connected between an external power 
node and Node NDI, and are connected to a serial between the constant current sources CCS, 
Nodes NDI, and the touch-down nodes which supply fixed current I. The reference voltage 
Vrefp for the circumferences is outputted from the node NDI between a constant current 
source CCS and a resistance element RlO, and the reference voltage Vrefs for sense is 
outputted from the node NDJ between resistance elements RlO and Rll. Such reference 
voltages Vrefp and Vrefs are expressed with a degree type. 
[0091] Vrefp=I, 5, RVrefs=I, 4, andR - here - R - resistance elements R10-R14 - each 
resistance is shown. Therefore, such reference voltages Vre^ and Vrefs fill the following 
relation. 

[0092] It can migrate to Vrefp [ Vrefs=4 and ]/5, therefore all temperature requirements, and 
such reference voltages Vrefp and Vrefs can be held in a fixed relation. Since the supply 
voltage Veep for the circumferences and the supply voltage Vccs for sense are generated 
according to such reference voltages Vreft) and Vrefs, similarly, such internal supply voltage 
Veep and Vccs can hold fixed relation over a total-temperature range, and can reaUze the 
semiconductor memory which operates to stability. When this ratio shifts from constant 
value, the working speed and the margin of operation of a circuit portion which perform 
store/read-out of the memory cell data which is a circumference circuit change, for example, 
or sense initiation timing becomes early relatively, a timing mismatch, like train selection 
timing becomes early relatively arises, and it becomes impossible to guarantee stable 
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internal-circuitry actuation 
[0093] Drawing 7 is drawing showing the relation between external power voltage and 
reference voltage. In drawing 7 , in reference voltages Vrefp and Vrefs, the voltage level rises 
as the external power voltage Vext rises. When a constant current source CCS begins to 
supply Current I, reference voltages Vrefp and Vrefs have the magnitude of a fixed ratio (4/5) 
from the time. Therefore, if actuation of the MOS transistor which is an internal-circuitry 
component is attained even if it is the case that the external power voltage Vext is low, 
actuation of this semiconductor memory will be attained. Therefore, the margin of the 
semiconductor memory in the minimvun side field of the external power voltage Vext of 
operation is improvable. 

[0094] Moreover, since the reference voltage Vrefp for the circumferences and the supply 
voltage Vrefs for sense are generated using the resistance element by which series connection 
was carried out, the reference voltage Vrefp for the drciunferences can always be held to the 
voltage level more than the reference voltage Vrefs for sense. Moreover, compared with the 
case where such reference voltages are generated using a separate reference voltage 
generating circviit, it becomes easy to adjust these voltage values. That is, in the voltage level 
of the^ reference voltage Vrefp for the circumferences, adjustment ***^ responds and the . ; 
voltage level of the reference voltage Vrefs for sense is also adjusted automatically. 
[0095] In addition, in an above-mentioned configuration, such reference voltages Vrefp and 
Vrefs may have the relation of 5:3. 

[0096] Drawing 8 is drawing showing an example of the configuration of the constant current 
sovu'ce CCS shown in drawing 6 . the p channel MOS transistors Q20-Q23 which a constant 
current source CCS is connected to the power supply hne VCL which transmits the external 
power voltage Vext in drawing 8 at juxtaposition, and receive bias voltage phiCON in each 
gate, and these MOS transistors Q20-Q23 - respectively " ** - the program elements PrO- 
Pr3 connected to a serial are included. The program elements PrO-Pr3 are connected to an 
output node in common. The delay circuit DLA which functions on the power supply hne VCL 
as a low pass filter for preventing that the voltage on this power supply hne VCL changes 
rapidly in a power up etc. is formed. A delay circuit DLA consists of resistance and a 
capacitor. 

[0097] The program elements Pr0-Pr3 consist of a switching transistor, fuse elements, or 
these combination. The voltage level of reference voltage Vrefp is measured at the time of a 
test production process, and the program elements PrO'PrS are programmed to set it as an 
optimvun value (or layout value) (in the case of a fuse element, it melts). 
[0098] Bias voltage phiCON is given from the circuit which has the same configuration as the 
constant current generating section contained in voltage generating circmt 2a and 2b which 
are shown in drawing 2 (voltage given at the gate of a transistor Q5). These MOS transistors 
Q20-Q23 are equipped with the same size, and have the same current supply capabiUty. By 
programming these program elements PrO PrS (an alternative flow / cutofD, the current I 
from a constant current soxu-ce CCS can be set as an optimum value. If the voltage difference 
of the external power voltage Vext and bias voltage phiCON becomes larger than the 
absolute value of the threshold voltage of MOS transistors Q20-Q23, this constant current 
source CCS will operate. and constant current I will be suppUed. 
[0099] If this cxirrent I flows, reference voltages Vrefp and Vrefs will change from that time 
with a fixed ratio. Reference voltages Vre^ and Vrefs change for this bias voltage phiCON 
changing according to the rise of the voltage level of the external power voltage Vext 
according to the external power voltage Vext in drawing 7 (refer to the configuration of the 

voltage generating circuit of drawing • :; 2 ). 

[0100] Thereby, easily, the reference voltages Vrefp and Vrefs of a desired voltage level can be 
generated, and the production process for the trimming of the voltage level of such reference 
voltages can be simphfied. 

[0101] In addition, in above-mentioned explanation, it is being explained that resistance 
elements R10-R14 have the same resistance. However, the ratio of such reference voltages 
Vrefp and Vrefs can be set as any value by changing the resistance of these resistance RIO- 
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R14. 

[0102] [Example of modification] drawing 9 is drawing showing the configuration of the 
example of modification of the gestalt 2 of operation of this invention. In drawing 9 , this 
reference voltage generating circuit 2 contains the p channel MOS transistors Q25-Q29of the 
same size connected to a serial between the constant current sources CCS, and the nodes ND 
0 and the touch-down nodes connected between an external power node and a node ND 0, 
and the same threshold voltage. Each gate is connected to the touch-down node to which 
these MOS transistors Q25-Q29 set one transistor in between in series connection (except for 
a transistor Q29). That is, the gate of MOS transistor Q25 is connected to the touch-down 
node ND 2 between MOS transistors Q26 and Q27, the gate of MOS transistor Q26 is' 
connected to the connection node ND 3 between MOS transistors Q27 and Q28, and the gate 
of MOS transistor Q27 is connected to the touch-down node ND 4 between MOS transistors 
Q28 and Q29. The gate of MOS transistor Q29 is connected to a touch-down node. 
[0103] Moreover, the backgate (substrate field) of these MOS transistors Q25-Q29 is 
connected to the connection node by the side of the high potential of the MOS transistor 
which makes a pair by making two MOS transistors into a pair. That is,"-the hackgate of MOS 
transistors Q25 and Q26 is connected to a node ND 0, and the backgate of MOS transistors 
Q27 and Q28 is connected to a node ND 2. As for MOS transistor Q29, a backgate is 
connected to a node ND 4. Next, actuation is explained. 
[0104] Nodes ND0-DN4 are in L level of a touch-down voltage level altogether in front of 
powering on. If a power supply is switched on and the voltage level of the external power 
voltage Vext rises, current will be first supphed from a constant current source CCS, and the 
voltage level of a node ND 0 will rise. If the voltage level of a node ND 0 becomes more than 
the absolute value of the threshold voltage of MOS transistor Q25, at this time, MOS 
transistor Q26 will be an OFF state, and the connection node ND 2 is a touch-down voltage 
level, MOS transistor Q25 will be in an ON state, and it will still supply current to a node 
ND 1. If the voltage level of this node ND 1 becomes higher than the absolute value of the 
threshold voltage of MOS transistor Q26, subsequently MOS transistor Q26 will be in an ON 
state. Subsequently, if current is suppUed to a node ND 2 and the voltage level of this node 
ND 2 becomes higher than the absolute value of the threshold voltage of MOS transistor 
Q27, MOS transistor Q27 will be in an ON state, and will supply current to a node ND 3. It 
needs to be set to the voltage level 2 and more than Vthp in order for a node ND 0 to make 
MOS transistor Q25 an ON state at this time. Vthp shows the absolute value of the threshold 
voltage of MOS transistor Q25-Q29 here. If the voltage level of this node ND 3 becomes 
higher than the absolute value of the threshold voltage of MOS transistor Q28, MOS 
transistor Q28 will supply current to a node ND 4 in an ON state. If the voltage of this node 
ND 4 becomes higher than the absolute value of the threshold voltage of MOS transistor 
Q29, MOS transistor Q29 will be in an ON state, and the current path from a node ND 0 to a 
touch-down node will be formed. Therefore, if the voltage between three continuous nodes 
serves as a voltage level higher than the absolute value of the threshold voltage of MOS 
transistors Q25-Q29 among nodes ND0-ND4 in the configuration of the reference voltage 
generating circuit 2 shown in this drawing 9 , these MOS transistors Q25-Q29 will be in an 
ON state altogether, the voltage of a node ND 0 - a minimum of - if it is more than 3 and 
Vthp, this circuit will operate (the voltage between two continuous MOS transistors is 2 and 
Vthp). After these MOS transistors Q25-Q29 will be in an ON state, according to channel 
resistance of these MOS transistors Q25-Q29, the voltage level of reference voltages Vrefp 
and Vrefs is determined. In this case, since MOS transistors Q25-Q29 operate altogether in 
the same active region and channel resistance also becomes almost equal, reference voltages 
Vrefp and Vrefs fiU the following relation. 

10105] Vrefp=4 and Vrefs / 5 MOS transistors Q25-Q29 depend on the following reasons [ 
operating in the same active region ]. Each gate of MOS transistors Q25-Q29 is connected to 
the connection node which set one MOS transistor. Therefore, the voltage between the gate- 
sources of MOS transistor Q25-Q28 is equal to the amount of voltage drops in two MOS 
transistors (in the case of MOS transistor Q29, the voltage between the gate-sources becomes 
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equal at the amount of voltage drops in MOS transistor Q29). On the other hand, each 
backgate of MOS transistors Q25-Q28 makes two adjoining MOS transistors an unit, and is 
connected. That is, those backgates are connected common to the connection node of the high 
potential of two adjoining MOS transistors. About backgate bias, the effect of the amount of 
voltage drops in a maximum of one MOS transistor only arises' in each contiguity MOS 
transistor pair. On the other hand, since the backgate bias effect is given with the function of 
the square root of the absolute value of the voltage VBS of the backgate on the basis of the 
source, the effect becomes sufficiently small. Therefore, reference voltage Vrefp can be 
pressured partially, being able to operate these MOS transistors Q25-Q29 in the almost same 
active region, and being able to use channel resistance of these MOS transistors Q25-Q29 as 
almost the same, and the reference voltage Vrefs for sense can be generated. 
[0106] When the MOS transistor by which diode connection was made is used as a resistance 
element, it is necessary to make into an ON state all these MOS transistors by which diode 
connection was made, and the minimum of reference voltage is determined by the effect of 
threshold voltage. For example, since the voltage drop of the absolute value of the maximum 
threshold voltage is needed in MOS transistors Q25-Q29 when diode connection of MOS 
transistors Q25-Q29 is altogether made in drawing 9 , 5 and Vthp serve as minim imi voltage., 
of the circumference reference voltage Vrefp. Therefore, by using the configuration shown in 
this drawing' 9 , minimvmi voltage of the reference voltage Vrefp for the circumferences can 
be made sufficiently low with 3 and Vthp, and reference voltages Vrefp and Vrefs can be 
generated to stability under low supply voltage. 

[0107] Moreover, since the voltage between the gate-sources of these MOS transistors Q25- 
Q29 differs in all and the backgate bias effects also differ in aU MOS transistors when all of 
the gate of these MOS transistors Q25-Q29 are connected to touch-down voltage and the 
backgate of MOS transistors Q25-Q29 is connected to a node ND 0, MOS transistors Q25- 
Q29 cannot be altogether operated by the same operating condition. Channel resistance of 
MOS transistors Q25-Q29 differs, correctly, it cannot pressure partially by the ratio (integer 
ratio) of a request of the circumference reference voltage Vrefp, and the sense reference 
voltage Vrefs cannot be generated. However, by using the configuration shown in drawing 9 , 
the reference voltages Vrefp and Vrefs which had predetermined integer ratio m/n correctly 
can be generated, and the reference voltages Vre^ and Vrefs of a desired voltage level can be 
easily generated to stability under low supply voltage. 
[0108] In addition, in the configuration of the reference voltage generating circuit 2 shown in 
drawing 9 , the reference voltage of 3 and Vrefp/5 is generable by taking out reference voltage 
from a node ND 2. 

[0109] Application] drawing 10 to a use besides [is drawing showing the example of 
application to other uses of the reference voltage generating circuit of the gestalt 2 of 
implementation of this invention. In drawing 10 , the configuration of the partial pressure 
circuit which presses input voltage VIN by the time of activation of the activation signal 
ENDIV is shown as an example. In drawing 10 , when the output signal of CMOS inverter 
INV which reverses the activation signal ENDIV, and Inverter INV is L level, it flows 
through this partial pressure circuit, and it contains the p channel MOS transistor SQO 
which transmits input voltage VIN, the n channel MOS transistor SQl which flows at the 
time of activation of the activation signal ENDIV, and forms a current path in this partial 
pressure circuit, and the p channel MOS transistors Q30-Q34 connected to a serial among 
MOS transistors SQO and SQl. It connects with the connection node to which the gate set 
one transistor in between, respectively, and, as for MOS transistors Q30-Q34, a backgate is 
connected to the connection node of high potential by making two contiguity MOS transistors 
into an unit. The configxiration of these MOS transistors Q30-Q34 is the same as the 
configuration of MOS transistors Q25-Q29 shown in drawing 9 . Voltage VlO is outputted 
from between MOS transistors SQO and Q30, voltage V08 is outputted from the connection 
node between MOS transistors Q30 and Q31, and voltage V06 is outputted from the 
connection node between MOS transistors Q31 and Q32. Subsequently, it explains with 
reference to the voltage wave form chart showing actuation of the partial pressure circuit 
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shown in this drawing 10 in drawing 11 

[Olio] When the activation signal ENDIV is L level, MOS transistors SQO and SQl are in an 
OFF state, and each internal node of this partial pressure circuit has them in floating of a 
touch-down voltage level. If the activation signal ENDIV serves as H level, MOS transistors 
SQO and SQl will be in an ON state, and the current path from a volt input node to a touch- 
down node will be formed. When input voltage VIN is a touch-down voltage level, voltage 
VIO, V08, and V06 is also a touch-down voltage level, respectively, the voltage level of this 
input voltage VIN - going up - MOS transistors Q30-Q34 - if it becomes 3 or more times of 
the absolute value of each threshold voltage, current will flow to MOS transistors Q30-Q34, 
and the voltage level of voltage VlO, V08, and V06 will rise. * 
[Olll] In drawing 11 , the condition that the voltage level of voltage VlO, VOS^ and V06 
begins to rise [ input voltage VIN ] in about 0.6v is shown. If MOS transistors Q30-Q34 will 
be in an ON state altogether, in order to transmit a switching transistor SQO without loss of 
input voltage VIN of threshold voltage, voltage VlO will become equal to input voltage VIN. 
On the other hand, voltage V08 serves as a voltage level of 4 and VlO/5, and voltage V06 
serves as a voltage level of 3 and VlO/5. Henceforth, the voltage level-of voltage VlO, V08, < 
and V06 rises as the voltage level of input voltage VIN rises. Therefore, it can migrate to the 
range of large input voltage, and the voltage which has a fixed ratio can be generated. 
Moreover, since it replaces with a resistance element and an MOS transistor is used, the 
occupancy area can be reduced sharply. 

[0112] In the partial pressure circuit shown in this drawing 10 , voltage Vdd may be the 
internal supply yoltage Vcc, and may be the external power voltage Vext. If this partial 
pressure circuit is used, measurement of a margin of operation etc. can be performed using 
the partial pressure voltage from this partial pressure circviit, for example at the time of a 
test mode of operation. 

[0113] In addition, in the configuration shown in drawing 9 and drawing 10 , five resistance 
MOS transistors for partial pressures are used. This is determined according to the ratio of 
the supply voltage Vre^ for the circumferences in a semiconductor memory, and the supply 
voltage Vrefs for sense. Therefore, the number of these resistance MOS transistors for partial 
pressures may be five or more, and should just be set to several suitable n according to this 
division-ratio m/n. 
[0114] [Gestalt 3 of operation] drawing 12 is drawing showing roughly the configuration of 
the important section of the semiconductor memory according to the gestalt 3 of this 
operation. In drawing 12 , the configuration of the sense power circuit which transmits the 
sense supply voltage Vccs to the sense amplifier circuit 300 is shown. In drawing 12 , a sense 
power circuit contains in 2s of the sense reference voltage generating circuits which generate 
the sense reference voltage Vrefs, the circumference reference voltage generating circuit 2 p 
which generate the reference voltage Vreft) for the circumferences, the change over circuit 4 
which answers change over signal phiSW and choose one side of such reference voltages 
Vrefs and Vrefp, and 3 s of the sense pressxire-lowering circuits which perform pressure- 
lowering actuation according to one side of the reference voltage given from the change over 
circuit 4, and generate sense supply voltage Vccs. 2s of this sense reference voltage 
generating circiait and circumference reference voltage generating circuit 2p may be separate 
circuits, and may be one circuit as in the gestalt 2 of previous operation. The reference 
voltage Vrefs for the sense supply voltage Vccs and the reference voltage Vrefp for the 
circimiference supply voltage Veep should just be generated. 
[0115] The stabiHzation capacity 7 is formed in the sense power supply line 5 which 
transmits the sense supply voltage Vccs from 3s of this sense pressure-lowering circuit. The 
fall of the sense supply voltage Vccs by charging current consumption of the sense amplifier 
circuit 300 is compensated using the charge stored in this stabilization capacity 7. 
[0116] Drawing 13 is drawing showing an example of the configuration of the sense amplifier 
circuit 300 shown in drawing 12 . In drawing 13 , the configuration of the portion of the sense 
amplifier SA formed corresponding to one bit line pair is shown. The p channel MOS 
transistors Q41 and Q42 to which, as for a sense amplifier SA, cross linking of the gate and 
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the drain is carried out, The p channel MOS transistor Q43 which answers sense amplifier 
activation signal phiSP's activation, flows, and transmits the sense supply voltage Vccs on 
the sense power supply line 5 to the soiirce of MOS transistors Q41 and Q42, The n channel 
MOS transistors Q44 and Q45 to which cross linking of the gate and the drain was carried 
out. Activation of sense amplifier activation signal phiSN is answered, it flows, and the n 
channel MOS transistor Q46 on a grounding conductor which carries out touch-down voltage 
Vss transfer is included to the source of MOS transistors Q44 and Q45. The drain of MOS 
transistors Q41 and Q44 is connected to a bit Une BL, and the drain of MOS transistors Q42 
and Q45 is connected to a bit line/BL. 

[0117] A word line WL is arranged in the direction which intersects a bit line BL and /BL. A 
memory cell MC is arranged corresponding to the intersection of a word hne WL and a bit 
line BL. A memory cell MC contains the n channel MOS transistor (access transistor) MT 
which answers the memory cell capacitor MQ which memorizes information, and the signal 
potential on a word Line WL, flows, and connects the memory cell capacitor MQ to a bit hne 
BL. 

[0118] In a sense amplifier SA, if sense amplifier activation signal phiSP and phiSN are 
activated, the differential amplifying circuit by MOS transistors Q41, Q4£; Q44, and Q45 wiU • 
operate, and a bit Hne BL and the bit Une of the high potential of /BL wiU be driven on sense 
supply voltage Vccs level, and the bit line of low voltage wiU be discharged to a touch-down 
voltage level. Therefore, at the time of actuation of a sense amplifier SA, the sense supply 
voltage Vccs on the sense power supply line 5 is consumed. The level fall of the sense supply 
voltage Vccs on this sense power supply hne 5 is compensated with the charge in which it 
was stored by the stabilization capacity 7. Thereby, a sense amplifier is operated to a high 
speed and stability. Subsequently, actuation of the circuit shown in this drawing 12 and 
drawing 13 is explained with reference to the signal waveform diagram shown in drawing 14 

[0119] A word Une WL will be in the condition of not choosing, in a standby condition, and 
sense amplifier activation signal phiSP and phiSN wiU also be in a non-active state. In this 
condition, the charge of the circumference supply voltage Veep level determined as capacity 7 
with the reference voltage Vre§) for the circumferences is charged. In drawing 14 , the case 
where this circvmiference supply voltage Veep is equal to the reference voltage Yrefp for the 
eirctimferences is shown. 

[0120] If a word Une WL is chosen and the voltage level rises, the access transistor MT of a 
memory cell MC will be in an ON state. The memory capacitor MQ and a bit Une BL are 
electrically combined through an access transistor MT, and migration of a charge arises 
between a bit line BL and the memory capacitor MQ. The voltage of a bit Une BL which 
suited floating on the level of intermediate voltage (Vccs/2) changes with migration of this 
charge till then. In drawing 14 , a signal wave form when H level data is read to a bit line BL 
is shown. Since the selection memory cell is not connected, a bit Une/BL holds the voltage 
level of intermediate voltage Vccs / 2. 

[012l] Subsequently, sense amplifier activation signal phiSN wiU be in the active state of H 
level, and MOS transistors Q44 and Q45 contained in a sense ampUfier SA perform 
difierential amplifier actuation, and reduce a bit Une / voltage level of BL to a touch-down 
voltage level. Moreover, sense ampUfier activation signal phiSP is activated [ for a while ], 
and the voltage level of a bit Une BL drives on sense supply voltage Vccs level by MOS 
transistors Q41 and Q42. 

[0122] 3s of sense pressure-lowering circuits tends to hold the voltage Vccs on the sense 
power supply Une 5 to a sense reference voltage level at the time of sense actuation. 
Moreover, the charge stored in the stabiUzation capacity 7 is consxmied at the time of sense 
actuation. Therefore, although the supply voltage on the sense power supply Une 5 falls firom 
the level of reference voltage Yrefp after sense actuation initiation, it is prevented that the 
voltage level falls below to the voltage level which the sense reference voltage Vrefs specifies. 
Thereby, MOS transistors Q41 and Q42 of a sense amplifier SA perform sense actuation at 
high speed. Moreover, since it is controUed that the voltage level of the sense supply voltage 
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Vccs given through this MOS transistor Q43 at the time of sense initiation falls, these MOS 
transistors Q41 and Q42 can perform sense actuation correctly according to the voltage level 
on a bit line BL and /BL. When this sense amplifier SA completes sense actuation- and 
changes into a latch condition, since 3s of sense pressure 'lowering circuits is not consumed, 
they hold most current to the voltage level as which reference voltage Vrefs specifies the 
sense supply voltage Vccs on this sense power supply line 5. In this case, the voltage on the 
sense power supply line 5 is only consumed according to leakage current. 
[0123] If a memory cycle is completed, a word hne WL will also drive a fall, sense amplifier 
activation signal phiSP, and phiSN to L level in the condition of not choosing to a non-active 
state: This sense ampHfier activation signal phiSP's deactivation is answered, change over 
signal phiSW serves as predetermined period H level, and the change over circuit 4 shown in 
drawing 12 replaces with the sense reference voltage Vrefs from 2s of sense reference voltage 
generating circuits, chooses the circumference reference voltage Vrefp from circumference 
reference voltage generating circuit 2p, and gives to 3s of sense pressure-lowering circuits. 
Thereby, the sense power supply Une 5 and the charge voltage level of a stabilization circuit 7 
return^ to the voltage level which the circumference reference voltage Vrefp specifies. Then, if 
sense change over signal phiSW will be in the non-active state of L level again, again, the 
change over circuit 4 will choose the sense reference voltage Vrefs, and will give it to 3s of 
sense pressure -lowering circuits. In the meantime, the sense power supply line 5 is mostly 
held with the stabilization capacity 7 at the level of the supply voltage Veep for the 
circumferences. 

[0124] As shown in this drawing 12 and drawing 13 , by charging the sense power supply hne 
before sense actuation initiation at the voltage level higher than this sense supply voltage 
level, the voltage-level fall of the sense supply voltage Vccs by the big sense current which 
flows at the time of sense actuation can be compensated, and sense actuation can be carried 
out to stability. 

[0125] In addition, generally, comparatively big current driving force is demanded of 3s of 
sense pressiu'e-lowering circuits, and the high-speed response characteristic is not 
demanded. By forming the stabilization capacity 7, the rapid fall of the sense supply voltage 
Vccs at the time of this sense actuation initiation can be controlled. The capacity value of this 
stabilization capacity 7 just compensates the charge consxmied according to the charging 
current in the sense amplifier circuit 300 (sense ampHfier SA). For example, when IK bit line 
pairs connect with this selection word line WL, the sense ampHfier circuit 300 needs to 
charge IK bit Hnes. When the biggest charging current flows at this time, it is the case where 
all the memory cells connected to a selection word Hne hold L level data. In this case, the bit 
line amplitude is set to Vccs/2. Therefore, if the capacity value C of this stabilization capacity 
7 sets bit line capacity to Cb, that maximum wiU be given by the degree type. 
[0126] C=CbandlK-Vccs/2- (Vccp-Vccs) 

Usually, in consideration of the variation in a manufacture process, the somewhat larger 
capacity value which expected additional coverage is set up as capacity value of this 
stabilization capacity 7. Therefore, when the capacity value of the stabiHzation capacity 7 is 
superfluously large, the occupancy area of the stabilization capacity 7 increases. Hereafter, 
the technique of forming the stabiHzation capacity 7 which has necessary minimum capacity 
value is explained, without expecting this margin. 

[0127] Drawing 15 is drawing showing the configuration of the important section of the 
semiconductor memory according to the gestalt 3 of implementation of this invention. In the 
configuration shown in drawing 15 , the transfer gate 9 which connects a pad (or external 
terminaO 13 to the output section of circumference reference voltage generating circuit 2p is 
formed according to the static test mode detector 11 which detects whether the static test 
mode was specified according to the signal from the outside, the inverter 12 which reverses 
the static test mode indication signal TEN from this static test mode detector 11, and the 
output signal of an inverter 12 and the static test mode indication signal TEN from the static 
test mode detector 11. 

[0128] The output signal of an inverter 12 is given to circumference reference voltage 
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generating circuit 2p, and stops reference voltage generating actuation of circumference 
reference voltage generating circuit 2p again at the time of the activation. Moreover, in order 
to make possible externally the monitor of the voltage on this sense power supply line 5 to 
the sense power supply line 5, the pad 14 for monitors of dedication is formed. These transfer 
gates 9, the static test mode detector 11, the change over circuit 4, a stabilization circuit 7, 
and a pad 14 are contained in the configuration of the voltage-level control circuit 10 shown 
in drawing 1 . Next, actuation of a configuration of being shown in this drawing 15 is 
explained. 

[0129] The static test mode indication signal TEN is in the non-active state of L level at the 
time of normal operation mode, and the transfer gate i9 is in non-switch-on, and 
circimiference reference voltage generating circuit 2p is in an active state. In this condition, 
the change over circuit 4 chooses either the circimiference reference voltage Vrefp firom 
circumference reference voltage generating circuit 2p, or the sense reference voltage Vrefs 
from 2s of sense reference voltage generating circuits according to change over indication 
signal phiSW, and it gives to 3s of sense pressiire-lowering circuits as reference voltage Vrefx. 
[0130] If a static test mode is directed by the signal from the outside at the time of a static 
test .mode, the static test mode detector 11 wiU drive the static , test mode indication, signal., 
TEN to H level of an active state. Thereby, the transfer gate 9 will be in an ON state, and the 
output node of circimiference reference voltage generating circuit 2p is electrically connected 
to a pad 13. Moreover, circumference reference voltage generating circuit 2p is made into a 
non-active state by the static test mode indication signal of ** given through an inverter 12, 
and suspends reference voltage generating actuation. From the exterior, the voltage level of 
the reference voltage Yrefp for the circumferences is compulsorUy set up through this pad or 
the external pin terminal (a pad is only called hereafter) 13. A semiconductor memory is 
operated in this condition and the voltage level of the circumference reference voltage Vrefy 
is set as an optimum value. This is determined in consideration of the access time, a timing 
margin, etc. At this time, through a pad 14, the monitor of the voltage level of the sense 
supply voltage Vccs on this sense power supply Une 5 is carried out, and the monitor of the 
change of the voltage level at the time of sense actuation is externally carried out from the 
exterior again. The stabilization capacity 7 is connected to the sense power supply line 5 at 
this time. The optimum value of this circumference reference voltage Vrefp is determined so 
that a circumference circuit may be operated at high speed and the voltage level of the sense 
supply voltage Vccs in the sense power supply line 5 of a parenthesis may tvirn into a voltage 
level (it does not fall from the voltage level which reference voltage Vrefs specifies) which 
does not fall greatly. 

[013l] Decision of the optimum value of this circumference reference voltage Vre^ 
determines the optimima value of the capacity value of this stabihzation capacity 7 so that • 
(Vre^-Vrefs) C may serve as a predetermined, fixed value (the value Q equal to the amount 
of net charge used for bit Hne charge at the time of sense amplifier actuation). In the time of 
the mask revision at the time of test layout or an alternation of generations etc., the capacity 
value of the stabiUzation capacity 7 is adjusted so that the capacity value of this stabilization 
capacity 7 may turn into an optimum value. 

[0132] In addition, the optimum value of the capacity value C of this stabUization capacity 7 
is calculated from the relational expression of -(Vrefp-Vrefs) C= constant value. This ishows 
that all the charges charged by the stabilization capacity 7 at the time of sense actuation are 
consiuned, it sets in that case, and the sense supply voltage Vccs on the sense power supply 
line 5 becomes equal to the voltage level which reference voltage Vrefs determines. Since a 
charge is supplied also from 3s also of sense pressure-lowering circuits at the time of sense 
actuation, capacity value of this stabiUzation capacity 7 can be made stiQ smaller. In this 
case, the optimum value of capacity value may be determined by carrying out the monitor of 
the voltage change of the sense power supply line 5 externally using the monitor pad 14, and 
carrying out the monitor of the change voltage of this sense supply voltage Vccs. That is, 3s 
of sense pressure-lowering circuits and the change over circuit 4 are operated, and the 
monitor of the change of the sense supply voltage Vccs at the time of sense actuation is 
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externally carried out through the monitor pad 14, and from that voltage waveform, the 
amount of excess-and-deficiency charges is calculated, and it is determined that the capacity 
value of the stabilization capacity 7 will compensate this calculated amount of excess-and- 
deficiency charges (the minimum voltage of the sense power supply Une 5 is set to Vrefs). 
[0133] Drawing 16 is drawing showing roughly the configuration of circumference reference 
voltage generating circuit 2p shown in drawing 15 . In drawing 16 circxmiference reference 
voltage generating circuit 2p P channel MOS transistor 2pa which flows at the time of the 
non-activity of the static test mode indication signal TEN, and transmits the external power 
voltage Vext, Constant current source 2pb which is combined with an external power liode 
through MOS transistor 2pa, and suppHes fixed current, It flows at the time of 2pc of 
resistance circuits which transform the current from constant current source 2pb into 
voltage, and deactivation of a static test mode indication signal / TEN, and n channel MOS 
transistor 2pd which joins 2pc of resistance circuits to a touch-down node is included, the 
poHsh recon resistance element which showed 2pc of resistance circuits in the gestalt 2 of 
previous operation, and the resistance element using an MOS transistor - any may be used. 
[0134] In the configuration of circumference reference voltage generating*circuit 2p shown in • 
drawing 16 , MOS transistor 2pa and 2pd(s) are made into an ON state at the time of 
deactivation of the static test mode indication signal TEN, the path for which current flows 
from an external power node to a touch-down node is formed, and the reference voltage Vreip 
for the circumferences according to the resistance which is 2pc of resistance circuits and 
which it has is generated. 

[0135] In addition, when the optimum value of this circumference reference voltage Vre^ is 
determined, the configuration to which trimming of the resistance of 2pc of resistance 
circuits which it has, or the current value of a constant current source is carried out may be 
used so that that optimum value may be suited. Trimming of resistance can be performed 
^sing a fuse element etc. 

[0136] By using circumference reference voltage generating circuit 2p shown in this drawing 
16 , this circxmiference reference voltage generating circuit 2p can be set as an output hi-z 
state at the time of a static test mode. 

[0137] In addition, a pad 13 may be a pad of dedication used in order to impress 
circumference reference voltage from the exterior for optimization of the stabiHzation 
capacity 7 (not combined with an external pin terminal). 
[0138] Moreover, it is always combined with the sense power supply line 5, and is made for 
the pad 14 for monitors to have effect the parasitic capacitance which a pad 14 has at the 
time of the power supply monitor on this sense power supply line 5 affects change of the 
sense supply voltage Vccs of this sense power supply hne 5 also at the time of normal 
operation. 

[0139] In addition, in above-mentioned explanation, it is being explained that the optimum 
value of the circumference reference voltage Vrefp is determined in consideration of change 
of the sense supply voltage Vccs on the margin of this circimiference circuit of operation, a 
working speed, and the sense power supply line 5. However, that optimum value may be 
determined that this circumference reference voltage Vrefp will optimize the operating 
characteristic of a circvimference circuit, and the configviration asked for the capacity value of 
the stabilization capacity 7 only from relational expression with the sense supply voltage 
Vccs according to this optimum value may only be used. 
[0140] [Example 1 of modification] drawing 17 is drawing showing roughly the configuration 
of the example 1 of modification of the gestalt 3 of operation of this invention. Unlike the 
configuration shown in drawing 15 , in the configuration shown in this drawing 17 , the 
transfer gate 15 which will be in non-switch-on at the time of activation of the static test 
mode indication signal TEN is formed between circimiference reference voltage generating 
circuit 2p and the change over circuit 4. Moreover, circumference reference voltage 
generating circuit 2p does not receive a reversal static test mode indication signal, but 
always operates. Other configurations are the same as the configuration shown in drawing 
15 , »and give the same reference number to a corresponding portion. 
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[0141] In the configuration shown in this drawing 17 , the transfer gate 15 wiU be in non- 
switch-on at the time of a static test mode, circumference reference voltage generating circuit 
2p and the change over circiait 4 are separated, and, on the other hand, the transfer gate 9 
connects a pad 13 and the change over circuit 4. Thereby, the circumference reference voltage 
Vrefp can be compulsorily set up from the outside, without being influenced of the reference 
voltage which circumference reference voltage generating circuit 2p generates. In 
circumference reference voltage generating circuit 2p, at the time of a static test mode, the 
circuitry for holding this circumference reference voltage generating circuit 2p to a non- 
active state becomes unnecessary, and circumference reference voltage generating circuit 2p 
can generate the reference voltage of a desired voltage level correctly, without being 
influenced of channel resistance of the transistor for . control etc. 
[0142] Moreover, in the configuration shown in this drawing 17 , circumference reference 
voltage generating drcviit 2p and 2s of sense reference voltage generating circuits can be 
made into one circvutry, and the configuration which always generates circumference 
reference voltage and sense reference voltage with a predetermined ratio can also be used 
(gestalt 2 reference of operation). 

[01431* Drawing 18 is drawing showing an example of the configuration of the stabilization 
capacity shown in drawing 15 and drawing 17 . In drawing 18 , Capacitors CO-Cn are 
connected to juxtaposition at the sense power supply hne 5. The transfer gates XTO'XTn are 
arranged in these Capacitors CO-Cn and juxtaposition. Switching transistors TRO-TRn are 
formed in a capacitor CO - each Cn, and a serial between Capacitors CO-Cn and a touch-down 
node. 

[0144] In order to control a flow / un-flowing, corresponding to a capacitor CO - each Cn, the 

fuse program circuits FPO-FPn are formed. [ of the transfer gates XTO-XTn and switching 
transistors TRO-TRn ] The fuse program circuits FPO-Fpn make switch-on the transfer gates 
XTO-XTn and the switching transistors TRO-TRn of correspondence complementary, 
respectively. These capacitors CO-Cn connect Capacitors CO-Cn to the sense power supply 
line 5 alternatively at the basis of control of the fuse programs FPO-FPn, in order to have the 
same capacity value and to realize required capacity value. The transfer gates XTO-XTn 
short-circuit the capacitors CO-Cn of correspondence at the time of a flow, respectively. On 
the other hand, the switching transistors TRO-TRn of correspondence wiU be in an OFF 
state, and the capacitor which is not used will be in the condition that the two electrodes 
connected too hastily. Thereby, the capacitors CO-Cn which are not used can prevent acting 
as parasitic capacitance to the sense power supply line 5. 
[0145] Moreover, when connection sequence of Capacitors CO-Cn and switching transistors 
TRO-TRn is made into reverse and switching transistors TRO-TRn are connected to the sense 
power supply line 5, a delay circuit is formed of channel resistance of these switching 
transistors TRO-TRn, and the charge and discharge of the capacitor used at high speed 
cannot be performed. As shown in drawing 18 , it prevents being able to prevent that a 
charge is accumulated in the capacitor which is not used by short-circuiting the capacitors 
CO-Cn of correspondence alternatively, acting as a noise source or parasitic capacitance, and 
having a bad influence on other circiaits by the transfer gates XTO-XTn. 
[0146] Drawing 19 is drawing showing the configuration of the fuse program circuits FPO- 
FPn shown in drawing 18 . In drawing 19 , the configxiration of one fuse program circuit FP 
is shown. In drawing 19 the fuse program circuit FP (FPO-FPn) P channel MOS transistor 
20a by which a flow node is connected to an external power node on the other hand. Link 
element 20b which is connected between MOS transistor 20a and node 20i and which can be 
melted, N channel MOS transistor 20c connected with node 20i between touch-down nodes, 
N channel MOS transistor 20d by which it connects with node 20i between touch-down 
nodes, and the gate is connected to an external power node, Inverter 20e which reverses the 
voltage on node 20i, and inverter 20f which reverses the output signal of inverter 20e, N 
channel MOS transistor 20g which is connected with inverter 20h which reverses an inverter 
20f output signal, and node 20i between touch-down nodes, and receives the output signal of 
inverter 20e in the gate is included. 
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[0147] On the other hand, Inverters 20e and 20f operate the external power voltage Vext as 
supply voltage of operation. A flow / \in-flowing through the transfer gate XT are controlled 
by the Inverters [ 20f and 20h ] output signal. A flow / un-flowing are controlled by the 
inverter 20f output signal. [ of a switching transistor TR ] An inverter 20h output signal is 
given to the gate of the n channel MOS transistor of the CMOS transmission gate of the 
transfer gate XT (XTO-XTn). 

[0148] The ratio (W/L) of channel width and channel length is sufficiently small, 20d of MOS 
transistors is carried out, and the current driving force is made sufficiently small. As for 
MOS transistors 20a and 20c, the gate is connected to a touch-down node, respectively. Next, 
actuation is explained briefly.* 

[0149] When link element 20b is switch-on (un-melting), if node 20i is charged through MOS 
transistor 20a and the voltage level becomes higher than the input logic threshold of inverter 
20e, the output signal of inverter 20e will serve as L level, and 20g of MOS transistors will be 
in an OFF state. In order that the ratio of channel width and channel length may be made 
sufficiently small and 20d of MOS transistors may pass only minute current, the voltage 
level of node 20i turns into external power voltage Vext level: Moreover, an inverter 20f 
output signal serves as H level (external power voltage level), the transfer gate XT will be in 
non-switch-on, a switching transistor TR will be in an ON state, and Capacitor C contributes 
as a stabilization capacity to the sense power supply line 5. 
[0150] When link element 20b is melted, whenever it drives node 20i gently to a touch-down 
voltage level and the voltage level of this node 20a becomes lower than the input logic 
threshold of inverter 20e to it through 20d of MOS transistors (after powering on), the output 
signal of inverter 20e will serve as H level, 20g of MOS transistors will be in an ON state, 
and node 20a is held at a touch-down voltage level. On the other hand, an inverter 20f output 
signal serves as L level, and an OFF state and the transfer gate XT short-circuit [ a 
switching transistor TR ] Capacitor C in switch-on. 
[0151] N channel MOS transistor 20c is prepared in a power up for preventing that this node 
20a drives to a negative voltage level. At the time of fusing of Unk element 20b, in an initial 
state, the voltage level of supply voltage Vext is also low, and the current driving force of 20d 
of MOS transistors is also small, and this negative voltage level cannot be recovered at high 
speed, but it may be set as the mistaken initial state, and this is prevented by MOS 
transistor 20c. 
[0152] After determining the optimum value of each capacity value in a wafer process by 
using the capacitor and fuse program circuit which are shown in this drawing 19 , the 
stabilization capacity which has the optimal capacity value is realizable with a fuse program. 
[0153] For every chip, stabilization capacity of the optimal sense supply voltage can be 
reahzed, and a sense amplifier can be operated to a high speed and stability. 
[0154] [Configuration 2 of stabilization capacity] drawing 20 is drawing showing other 
configurations of the capacitor for sense supply voltage stabilization. In the configuration 
shown in drawing 20 , capacitor Csa-Csn is prepared in juxtaposition to the sense power 
supply line 5. An optimal-capacity value is determined and the capacitor of these capacitor 
Csa-Csn is chosen from the optimized circumference reference voltage according to the 
optimal-capacity value. These capacitor Csa-Csn has the same capacity value. For example, 
mask wiring connects between the sense power supply line 5 and a grounding conductor 25, 
and capacitor Csa-Csn is used as a sense supply voltage stabilization capacity with it. The 
remaining capacitors Csm and Csn- are applied to other uses. As application of other uses, 
there is decoupling capacity for stabilizing circumference circuit supply voltage or a capacitor 
for charge pumps which performs charge pump actuation. To a sense power supply Une, 
capacitor occupancy area can be reduced in this case, using a capacitor effectively. 
[0155] In a configuration of being shown in this drawing 20 , since a capacitor is chosen with 
mask wiring, although a sense power supply stabihzation capacitor cannot be optimized 
according to the ability of every wafer and a chip, the capacitor occupancy area for sense 
power supply stabilization can be reduced effectually (since the capacitor which is not used is 
applicable to other uses). 



-28- 



JP2000-11649A 



[0156] [Example 3 of modification] drawing 21 is drawing showing roughly the configuration 
of the example 3 of modification of the gestalt 3 of operation of this invention. In drawing 21 , 
the sense supply voltage Vccs from 3s of sense pressure-lowering circuits and the 
circumference supply voltage Veep from circumference pressurei'lowering circuit 3p are 
chosen by the change over circuit 4, and are transmitted on the sense power supply line 5. 
Therefore, in the configuration shown in this drawing 21 , the circumference supply voltage 
Veep from predetermined period circumference pressure-lowering circuit 3p is transmitted on 
the sense power supply line 5 at the time of actuation of a sense amplifier. The circiunference 
circuit is not usually operating at the time of sense amplifier actuation (a sense amplifier is 
activated after the completion of line selection actuation, and this completion back row 
selection actuation of sense actuation is performed). Therefore, the voltage level of the sense 
supply voltage Vccs can be raised even on circumference supply voltage Veep level, without 
having a bad influence on circimiference circuit actuation in any way, even if it chooses the 
sense supply voltage Vccs from 3s of sense pressure-lowering circuits, and the circumference 
supply voltage Veep from circumference pressure-lowering circuit 3p according to change 
over signal phiSW and transmits on the sense power supply line 5, as shown in this drawing^ 

21 . .... ........ 

[0157] Application] drawing 22 to a use besides [is drawing showing the example of 
apphcation to other uses of the gestalt 3 of implementation of this invention. The decoupling 
capacity Cd is connected to the power supply Une SIG in the configuration shown in drawing 
22 . An internal circuitry IK uses the voltage on this power supply Hne SIG. The pad PDB for 
the monitors of dedication is connected to this power supply Une SIG, and the voltage level of 
this power supply line SIG can be compulsorily set to it from the outside through Pad PDA 
(refer to the configuration shown in drawing 15 and drawing 17 ). The decoupHng capacity 
Cd is equipped with the function to hold the voltage on this power supply line SIG to a fixed 
voltage level, and is equipped with a noise control function. 
[0158] By the fixed simulation, the candidate capacity value of this decoupling capacity Cd is 
calculated. The voltage on this power supply Hne SIG is changed from the exterior through 
Pad PD at the time of a static test mode, and the monitor of the voltage change on the power 
supply Hne SIG is carried out through Pad PDB at this time. It asks for the fewest voltage 
(voltage impressed through Pad PDA) of voltage change of the power supply line SIG. Voltage 
at that time is Vt(ed). Let voltage actually transmitted on the power supply Une SIG be 
voltage Vj. In that case, the optimized voltage Vt has compensated the current or the noise 
which the internal circuitry IK consumed, and the consumption charge at that time is given 
by Vt-Cd. Therefore, the optimum value Cdo of this stabilization capacity Cd is given by the 
degree type. 
[0159] Cdo= (VtfVj) and Cd - thereby, the optimvun value of the stabilization capacity Cd can 
be calculated and stabiUzation capacity of the minimum occupancy area can be realized. 
[0160] Example of apphcation 2] drawing 23 to a use besides [is drawing showing roughly the 
configuration of the example 2 of application of the gestalt 3 of operation of this invention. In 
drawing 23 , output bufiers alumnusO-OBn are formed corresponding to the output data bit 
QO - each Qn, These output buffers alumnusO-OBn carry out buffer processing of the internal 
read-out data RD 0 read from the interior / RDO-RDn, and the /RDn, generate the output 
data QO-Qn of correspondence, respectively, and output them to the exterior. Since these 
output buffers alumnusO-QBn are equipped with the same configiu-ation, they show output- 
buffer alumnus'sO configuration typically in drawing 23 

[0161] Output-buffer alumnusO flows, when level-conversion circuit 26a which changes the 
voltage level of the internal read-out data RD 0 into high-voltage Vpp level, n channel MOS 
transistor 27a which flows when the output signal of level-conversion circuit 26a is H level, 
and drives the output data bit QO to H level, and the internal read-out data / RDO of ** are H 
level, and he contains n channel MOS transistor 27b which drives the output data bit QO to a 
touch-down voltage level. On the other hand, level-conversion circuit 26a operates the high 
voltage Vpp as supply voltage of operation, and changes H level (internal electrical power 
source voltage (Vccs level)) of the internal read-out data RD 0 into high-voltage Vpp level. 
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^St!?""'^^^ ^"^^ ^'^''^^ '^^^ to H level of supply voltage Vccq level 

TaW ' '.f yr r ^"PP^^ °^ operation on the other hand, anci 

Th^ T ^ threshold voltage loss in response to the high voltage Vpp higher 

nifi2l V I '"^^^^ ^'"'l f^^"^ level-conversion drcidt 26a 

hPCP n f ^ Vf "J""^*'",^ ""^^"^ generates the 1st high voltage Vppl common to 

WrvS. buffers alumnusO-OBn, Vpp2 generating circuit 30b which ge^e'rates the 2nd 
anters chL ' ,*t" ^^P^' Change over circuit 30c which 

SOd^f^L? ^T^^ transmits one side of high voltages Vppl and Vpp2 on 

voltal r y line«. and stabilization capacity sle wWd. stabiUzes the 
Sesf 30d r>f • . fl' u high-voltage transfer line are included. ' 

lUlbdJ 30d of this internal high voltage transfer hne suppUes the high voltage Vpd to the 
level-conversion circuit included in output-buffer alumnusb - each OBn ChanS over dgm^ 
at the ImeT' ? T T^'^ ^ predetermined perfodTayTe cZen 

oLlation Th 'T V alumnusO-OBn of operation, and completion of 

aEusO-oi Z levd-conversion circuit 26a operates in these output buffers 

hirritL? v ' of mternal high-voltage transfer Une^is held at the 2nd 

S7 ^ Vpp2 leve , and it can carry out level-conversion actuation to stability, without 

of aeration ofr'l'' ''''' ^^^^ Vpp al'the time 

tL outn^^H * "^^^^^^ "^r* '^^'^''y' °"*P"' alumnusO-OBn generate 

i^uenid .f ?v l\f ^'^"^r ^"^^ ^^^^^ [ -itho^it it is 

i^uenced of threshold voltage loss of output transistor 27a. and ] producing a working-speed 

!nifrn °^^'^r ^^^^^^^^ ''^^"^ °^ stabihzation capacity 30e of 30d of this 

drrwW V^f *f li"^' the configuration explained in drawing 20 from previous 
^iawmg_15 can be used, and stabilization capacity 30e which generates the high voltage Vpp 

£l65lIntS;- V be realized 

Pvtlili Vppl generating circuit 30a and Vpp2 generating circuit 30b consist of for 

LtTs tt tnHv''''7 of Standard DRAM, change over circuit phia is 

T^/ohn .''""i*'^" of answering activation and deactivation of an output enable signal / OE 
wbtrf ' high voltage Vpp2 of a predetermined period. After the leadSmmani 

Z^cld^to^"^" ^^f'' ^ the synchronous 

semiconductor memory which outputs data synchronizing with a clock signal is given 

ZmmZ)'^ J\ 'r^*^ ^"""^^'^^ ''^^^ continuously reaf by one lead 

lTS^??,^r ''^'^ after predetermined period (period usually shorter than CAS 

voS ^ ^"^^ ^^^^ P*^^ condition of choosing the 2nd high 

[hf S„^?iti?'^^°\*^' ''"^^^^ °T '^^^^^ P^^ "'^y constituted so that it may be S^s 
nteZ °f f ^^f'^g th^ 2nd internal high voltage Vpp2 as detecting change of the 
\T^l read-out data RD 0 / RDO-RDn. and /RDn 
outnut L?'"! **^^~"fig^ati°i^ shown in this drawing^ , the output circuit which can 
ZSa^T . t^*^ ..^V 'P'"'* ^'^^^ occupancy area is realizable. 

^nl it "'""^^^^tl ^ implementation of this invention is followed, 

pi^deJrmii?r'V °^ ^P"'^^*^^ stabilizing the voltage to which 

fmprtied ?an h. f ' '"^^^^ high-voltage line, is 

oZn«T^ u° observation is possible, stabilization capacity of the minimum 

[oSS] [GestTa T ^ and equipment occupancy area can be reduced. 

Stant of operation] drawing 24 is drawing showing the configuration of the 

section of the semiconductor memory according to the gestalt 4 of implementation 
01 this invention. In drawmg 24 , the configuration of the pressure-lowering circuit included 
LraLristi'rl^'"'"' ^ ^? drawing 1 is shown. Although operating 

Wrin! I ^' ^'T ^ ''"'^ pressure-lowering circuit and a circumference pressure^ 

driwin" '^"^ ^h^y^ show one pressure-lowering circuit 3 in 

[0170] The local level-conversion circuit 35 which outputs the supply voltage SFVin by which 
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the pressure-lowering circuit 3 changed the level of the internal supply voltage Vint and 
reference voltage Vref on the . internal electrical power source Hne 37, and the level 
conversion was carried out in drawing 24 , and the reference voltage SFVr by which the level 
conversion was carried out, Comparator 3c which outputs signal phidr which compares the 
voltage SFVin and SFVr by which the level conversion was carried out from the local level- 
conversion circuit 35, and shows the comparison result, Current drive transistor 3d which 
consists of p channel MOS transistors which supply current to the internal electrical power 
source line 37 from an external power node according to output signal phidr of comparator 3c 
is included. Comparator 3c consists of differential amplifying circuits, and the amplitude of 
the output signal phidr is mostly set up between the external power voltage Vext arid touch- 
down voltage. Thereby, the problem of the current drive transistor 3d [ at the time of the 
voltage-level fall of the external power voltage Vext ] sag between the gate-sources is solved, 
and the rapid fall of current drive transistor 3d current serviceabiUty is prevented. 
[0171] The p channel MOS transistor Q61 by which comparator 3c is connected between an 
external power node and Node NDM, and the gate is connected to Node NDM, The p channel 
MOS transistor Q60 by which connects between an external power node and Node NDN, and 
the..gate is connected to Node NDM, The n channel MOS transistor Q62 which receives the 
reference voltage SFVr by which was connected between Node NDN and the touch-down 
node, and the level conversion was carried out to the gate. The n channel MOS transistor 
Q63 which receives the internal electrical power source voltage SFVin by which was 
connected between Node NDM and the touch-down node, and the level conversion was 
carried out to the gate is included. MOS transistors Q60 and Q61 constitute a current mirror 
stage, and MOS transistors Q62 and Q63 form a comparison stage. Output signal phidr given 
from Node NDN at the current drive transistor 3d gate is outputted. Next, actuation is 
explained briefly. 
[0172] Although the local level -conversion circuit 35 is later explained to details about the 
configuration and actuation, it carries out the level conversion of reference voltage Vref and 
the internal electrical power source voltage Vint, respectively, and generates the level- 
conversion voltage SFVr and SFVin. the voltage level respectively corresponding to reference 
voltage Vref and the internal electrical power source voltage Vint in such level-conversion 
voltage SFVr and SFVin - it is " those voltage differences - the voltage difference of 
reference voltage Vref and the internal electrical power source voltage Vint - small - 
becoming (the partial pressure also of the voltage difference being carried out with the false 
partial pressure) - the voltage difference of such reference voltages Vref and the internal 
electrical power source voltage Vint is reflected correctly. Comparator 3c carries out the 
differential amplifier of this level-conversion voltage SFVr and SFVin. When the level- 
conversion supply voltage SFVin is lower than the level-conversion reference voltage SFVr, 
MOS transistor Q62 discharges the current given through MOS transistor Q60 to a touch- 
down node, reduces the voltage level of Node NDN, enlarges current drive transistor 3d 
conductance by the output signal phidr, and enlarges Current Id. This node NDN is 
combined with the touch-down node through MOS transistor Q62, and the minimum 
attainment potential of Node NDN serves as a touch-down voltage level. Therefore, the 
cvurent drive transistor 3d voltage between the gate-sovirces serves as maximum-Vext, and 
can supply Current Id on the internal electrical power source line 37 with big current driving 
force current drive transistor 3d also in the time of an external power voltage Vext fall. 
[0173] On the other hand, when the level-conversion supply voltage SFVin is higher than the 
level-conversion reference voltage SFVr, MOS transistor Q62 cannot discharge altogether, 
but the voltage level of Node NDN rises, by output signal phidr from Node NDN, c\irrent 
drive transistor 3d conductance falls, and a current supply source stops the cxirrent supplied 
through MOS transistor Q60. 

[0174] As shown in drawing 25 (A), as for output signal phidr of comparator 3c, a touch-down 
voltage level serves as voltage which can be minimum reached. Therefore, as an alternate 
long and short dash line shows drawing 25 (A), surfacing of the minimum attainment 
potential of output signal phidr resvdting from channel resistance of a ciurrent source 
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transistor can prevent **. [ when the external power voltage Vext is in the voltage level near 
/ which can be operated / the minimum field ] The absolute value of the current drive 
transistor 3d voltage between the gate-sources can be enlarged enough, and the current drive 
^® current drive transistor 3d does not decUne so much, as shown in drawing 
f ? j minimum attainment voltage of this output signal phidr is higher than a 

touch-down voltage level, if it becomes near the minimum field of the external power voltage 
vext which can be operated, the problem of the conventional configuration that that current 
drive transistor 3d current serviceabiUty dechnes rapidly is solvable (since the voltage 
rm^sT'J gate-sources becomes close to the absolute value of threshold voltage). 
IU175J In order to enlarge current drive transistor 3d current drive capacity, it is not 
necessary to enlarge the channel width W, and pressure-lowering circuit occupancy area can 
be reduced. In this case, although the local level-conversion circuit 35 is formed, the MOS 
transistor which constitutes this local level-conversion circuit 35 only performs a level 
conversion, that occupancy area is small enough and the increment in circuit occupancy area 
IS iuUy controlled (when giving sufficient current drive capacity to current drive transistor 3d 
rm'7cl T case, that channel width is set -Hx) several mm). 

I017bj In the pressure-lowering circuit shown in this drawing 24 , when making the 
minimum attainment potential of output signal phidr of comparator 3c into a touch-down 
voltage level, it is necessary to operate comparator 3c in the most highly sensitive field 
When reference voltage Vref and the internal electrical power source voltage Vint are given 
to direct comparator 3c, since such voltage Vref and Vint is sufficiently higher than touch- 
down voltage, both the conductance of MOS transistors Q62 and Q63 becomes large and the 
response characteristic deteriorates. In order to prevent this, the local level-conversion 
circuit 35 -g formed 

[0177] The p channel MOS transistor Q50 which the local level-conversion circuit 35 is 
yTpm^.*® V*®*^®^" external power node and Node NDJ, and receives the activation signal 
a \i^ '^^^ " channel MOS transistor Q51 which is connected between Node NDJ 

and Node NDK, and receives reference voltage Vref in the gate, The n channel MOS 
transistor Q52 which is connected between Node NDJ and Node NDL, and receives the 
internal electrical power source voltage Vint in the gate, The n channel MOS transistor Q53 
M 7^^° "'^nects between Node NDK and a touch-down node, and the gate is connected to 
Node NDK, The n channel MOS transistor Q54 by which connects between Node NDL and a 
touch-down node, and the gate is connected to Node NDK, The n channel MOS transistor 
which IS connected with the n channel MOS transistor Q55 which is connected between Node 
^ A xmr^ touch-down node, and receives the activation signal ZACT in the gate between 
Node NDL and a touch-down node, and receives the activation signal ZACT in the gate is 
included. The activation signal ZACT is a signal made into L level of the activity period 
active state of the internal circuitry which consumes the internal electrical power source 
np^f^ XT*' ^^^^^P^^' i« equivalent to the internal row address strobe signal in Standard 
rnVVoi wru *' °f local level-conversion circuit 35 is explained. 

IU178J When the activation signal ZACT is the non-active state of H level, an OFF state one 
side and MOS transistors Q55 and Q56 wUl be [ MOS transistor Q50 ] in an ON state ' and 
the level-conversion voltage SFVm and SFVr maintains L level of a touch-down voltage level 
By making these MOS transistors Q55 and Q56 into an ON state at the time of deactivation 
01 the activation signal ZACT, it prevents that the internal node in this local level-conversion 
circuit 35 will be in floating, and generating of the penetration current in this local level- 
conversion circuit 35 is prevented by making MOS transistor QO into an OFF state 
Moreover, at this time, the level-conversion voltage SFVin and SFVr is L level of a touch- 
down voltage level, and generating of the penetration current in comparator 3c is prevented 
by making MOS transistors Q62 and Q63 in comparator 3c into an OFF state. This reduces 
r consumed electric current 

10179J If the activation signal ZACT serves as L level of an active state, MOS transistor Q50 
will be m an ON state, MOS transistors Q55 and Q56 will be in an OFF state, and the local 
level-conversion circuit 35 wiD start level-conversion actuation. Reference voltage Vref and 
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the internal electrical power source voltage Vint are in a voltage level lower than both the 
external power voltage Vext. Therefore, MOS transistors Q51 and Q52 operate in a 
satviration region. The gate and drain interconnect, it gets down, and MOS transistor Q53 
operates in a saturation region. MOS transistors Q51-Q54 are equipped with the same size 
and threshold voltage. The current of the same magnitude flows in MOS transistors Q51 and 
Q53. Therefore, a degree type is materialized. 

[0180] (Vref-Vn-Vth) 2, beta=(Vn-Vth) 2, and beta - here, Vn shows the voltage of Node 
NDK. A degree type is called for from a top type. 
[018l] One half of the voltage of reference voltage Vref arises in Vn=Vre£^2 [ NDK ], i.e., a 
node. On the other hand, MOS transistors Q53 and Q54 have the same size, and the current 
of the same magnitude flows to these MOS transistors Q53 and Q54. It is determined by the' 
voltage of Node NDL whether MOS transistor Q54 operates in a saturation region or it 
operates in an xmsaturated zone. The voltage of Node NDL is stabiUzed in the condition that 
the current of the same magnitude as MOS transistors Q52 and Q54 flows. Therefore, a 
degree type will be obtained if voltage of Node NDL is set to VI. 
[0182] (Vint-Vl-Vth) In betaVint-Vl=VnVl=Vint-Vref [ 2, beta=(Vn-Vth) 2, and ]/2, therefore 
this node NDL,., the internal electrical power source, voltage Vint and* the. voltage of . the 
difference of voltage Vref / 2 of Node NDK appear, namely, . The internal electrical power 
source voltage SFVin by which the level conversion was carried out serves as a voltage level 
which carried out Vref / 2 level shifts of the internal electrical power source voltage Vint, and, 
on the other hand, the reference voltage SFVr by which the level conversion was carried out 
turns into reference voltage which carried out resistance division by split ratio 2. 
[0183] Comparator 3c is comparing this voltage (Vint-Vref/2) with Vref^2, therefore the 
comparison of the internal electrical power source voltage Vint and reference voltage Vref is 
performed in this comparator 3c (comparator 3c consists of differential amplifiers). By using 
this local level-conversion circuit 35, when the minimum attainment voltage of output signal 
phidr of comparator 3c is made into a touch-down voltage level, by comparing the voltage 
SFVr and SFVin by which the level conversion was carried out, comparator 3c can perform 
comparison actuation in the most highly sensitive field, and can answer change of the 
internal supply voltage Vint at high speed. 

[0184] [Example 1 of modification] drawing 26 is drawing showing the configuration of the 
example 1 of modification of the gestalt 4 of operation of this invention. In the configuration 
shown in this drawing 26 , it differs from the configxiration shown in drawing 24 in the local 
level-conversion circmt 35 in that the gate of MOS transistors Q53 and Q54 is connected to 
Node NDL. Other configurations are the same as the configuration shown in drawing 24 , the 
same reference number is given to a corresponding portion, and the details explanation is 
omitted. 

[0185] In order that MOS transistors Q52 and Q54 may operate in the local level-conversion 
circuit 35 in a saturation region in a configuration of being shown in this drawing 26 , the 
internal supply voltage SFVin which is outputted from Node NDL and by which the level 
conversion was carried out becomes equal to one half of the internal supply voltage Vint. On 
the other hand, MOS transistor Q51 operates in a saturation region, and since the current of 
the same magnitude as the current which flows through MOS transistor Q54 flows to this 
MOS transistor Q51, a degree type is obtained by it in these saturation currents noting that 
it is equal. 

[0186] As shown in 2=Vref-SFVrSFVr=Vref-Vint [ Vint/]/2, therefore drawing 27 , the 
reference voltage SFVr by which the level conversion was carried out to the internal supply 
voltage SFVin by which the level conversion was carried out changes according to the 
internal supply voltage Vint by opposition. Comparator 3c is comparing the supply voltage 
SFVin (=Vinty2) by which the level conversion was carried out to this reference voltage SFVr 
(=Vref-Vint/2) by which the level conversion was carried out, and is comparing the voltage 
level of reference voltage Vref and the internal electrical power source voltage Vint 
equivalent. However, since such voltage SFVr and SFVin by which the level conversion was 
carried out changes by opposition, the input voltage difference to comparator 3e to 
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fluctuation of the internal supply voltage Vint is expanded, and more correctly, it can control 
current drive transistor 3d conductance according to change of the internal supply voltage 
Vint, and can realize the pressure-lowering circuit excellent in the response characteristic. 
10187J In addition, if this supply voltage SFVin by which the level conversion was carried out 
becomes higher than the reference voltage SFVr by which the level conversion was carried 
out, in comparator 3c, output signal phidr from Node NDN will serve as H level, and current 
drive transistor 3d will shift to an OFF state. It is a time of the internal electrical power 
source voltage Vint becoming equal to reference voltage Vref that this level-conversion 
y°)*fj,^ SFVin and SFVr becomes equal. 

10188J lExample 2 of modification] drawing 28 is drawing showing the configuration of the 
example 2 of modification of the gestalt 4 of operation of this invention. In the pressure- 
lowering circuit shown in this drawing 28 , the level-conversion voltage SFVr and SFVcc 
which the local level-conversion circuit 35 which carries out the level conversion of the 
internal supply voltage Vcc and reference voltage Vref on 505d of internal electrical power 
source hnes outputs is given to comparator 505a. The configuration of the local level- 
conyersion circuit 35 is the same as. the configuration shown in drawing 24 or drawing 26 . 
Comparator 505a is the same as the configuration shown in drawing 53 , and the same 
fm/olT u """"^^^ gi^en to a corresponding portion. 

10189J In the configuration of the pressure-lowering circuit shown in this drawing 28 , the 
voltage SFVr and SFVcc by which the level conversion was carried out fi-om the local level- 
conversion circuit 35 is given to comparator 505a. Therefore, comparator 505a becomes 
possible [ operating in the most highly sensitive field ] (field where the conductance of MOS 
transistors NQl and NQ2 changes a lot according to each gate voltage), and can improve the 
response characteristic of comparator 505a. 

10190J When the external power voltage Vext is set to the voltage level near [ which can be 
operated ] the minimum field, in order to control the fall of the current serviceabiUty of 
current drive transistor 505a, it can respond by making sufficiently small channel resistance 
rniQii A current source transistor NQ3. 

10191J As mentioned above, if the gestalt 4 of implementation of this invention is followed, 
the reference voltage and internal electrical power source voltage by which the level 
conversion was carried out using the local level-conversion circuit by performing the level 
conversion of reference voltage and internal electrical power source voltage will be compared. 
Since the conductance of a current drive transistor is adjusted according to the comparison 
result. Also when external power voltage is a voltage level near [ which can be operated ] the 
minimum field, a comparator can be operated in the most highly sensitive field, change of 
internal supply voltage can be answered at a high speed, and the voltage-level fluctuation 

fnfool A-r . ^ controlled, 

luiy^j Moreover, the output signal ampUtude of a comparator is extensible fiom external 
power voltage to a touch-down voltage level by constituting the MOS transistor of the 
comparison stage of a comparator directly, so that touch-down voltage may be received for 
that source, even if external power voltage is a voltage level near the minimum of operation, 
voltage between the gate-sources of a current drive transistor can be enlarged enough, and 
the fafl of the current drive capacity of the current drive transistor in this field can be 
controlled, moreover, the thing for which it is not necessary to make channel width of a 
current drive transistor large, and occupancy area is increased -- internal supply voltage can 
be held to **** stabihty at a predetermined voltage level. 
10193J Moreover, as a local level-conversion circuit, since the MOS transistor of the same 
conductivity type is used, circuit occupancy area can be reduced. Moreover, this local level- 
conversion circuit is a current control comparator circuit, and although current amplification 
actuation is performed, voltage amplification actuation is omitted. It only realizes 
comparatively more a resisted part by the ratio of channel resistance of an MOS transistor 
equivalent, and the level shift of reference voltage and internal supply voltage can perform 
comparison actuation of a voltage level at high speed, can generate the voltage after a level 
conversion, and can only reahze the pressure-lowering circuit which has a high-speed 
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response characteristic. Moreover, since all local level-conversion circuits are constituted 
from an MOS transistor of the same conductivity t5^e, they can make all the temperature 
characteristics of that component the same, and since the differential amplifier of the output 
signal of this local level-conversion circuit is carried out by the comparator, they can generate 
the level-conversion reference voltage and level-conversion supply voltage against which the 
temperature dependence of the output voltage of these local level-conversion circuits will be 
set off, and temperature dependence was set off. Thereby, the internal supply voltage 
according to the temperatiu^ characteristic compensation is generable with temperature 
characteristic compensation of reference voltage. 

[0194] [Gestalt 5 of operation] drawing 29 is drawing showing roughly the configuration of 
the important section of the semiconductor memory according to the gestalt 5 of 
implementation of this invention. In drawing 29 , the configuration of the portions of an 
internal power circuit and a voltage-level control circuit is shown roughly. In drawing 29 , the 
internal power circuit 20 includes 3s of sense pressure-lowering circuits held to the voltage 
level as which reference voltages Vrefs and Yrefp determine the sense supply voltage Vcca 
according to reference voltage Vrefs and the drciunference reference voltage Vrefs. 
[0195] » The change over circvut 4 which the voltage-level control circuit 10 answers change 
over signal phiSW, chooses either the sense reference voltage Vrefs or the circumference 
reference voltage Wrefp, and is transmitted to 3s of sense pressure-lowering circuits. Consist 
of two or more steps of delay circuits (inverter), and the sense activation signal SEN is 
delayed. The output signal from the delay chain 50 which generates two or more timing 
signals from two or more internal nodes, and this delay chain 50 is decoded, and the decoding 
circuit 52 which generates the signal which controls the change in the activity / non-activity 
of 3s of sense pressure-lowering circuits, and the operating current is included. The sense 
amplifier circmt 300 is combined and the stabihzation capacity 7 used for stabilization of the 
voltage on the sense power supply line 5 or the charge storage at the time of an exaggerated 
drive is combined with the sense power supply line 5 by the sense power supply line 5. 
[0196] The change over circuit 4 transmits the circumference reference voltage Yreip to 3s of 
sense pressure-lowering circuits at the time of the shift to deactivation of the sense 
activation signal SEN. The decoding circuit 52 increases the operating current of 3s of sense 
pressure-lowering circuits, and makes that speed of response increase at this time. According 
to the output signal from the decoding circuit 52, the operating current is increased at the 
time of sense actuation, and 3s of sense pressure-lowering circuits answers a high speed at it. 
[0197] The delay chain 50 includes 1 set of delay circuits (inverter stage) by which series 
connection was carried out. Two or more control signals are generated by choosing and 
decoding an output signal with 1 set of these suitable delay circuit stages. This raises 
reduction of the number of components of the control signal generation section, and reduction 
of circuit occupancy area. Next, the configuration of each part is explained. 
[0198] Drawing 30 is drawing showing an example of the configuration of the delay chain 
shown in drawing 29 , and a decoding circuit. In drawing 30 , the delay chain 50 contains the 
inverter IVO which reverses the sense activation signal SEN, and the delay inverters DLX)- 
DL19 which receive the output signal of an inverter IVO and by which cascade connection is 
carried out. Among the delay inverters DL3 and DL4, the delay change-over switch DSWl 
which chooses either the output signal of the delay inverter DL 3 or the output signal of an 
inverter IVO, and is given to the input section of the delay inverter DL 4 is formed, and the 
delay change-over switch DSWO which chooses one side of the output signal of the delay 
inverter DL 7 and the output signal of an inverter IVO, and is given to the delay inverter DL 
8 is formed between the delay inverter DL 7 and the delay inverter DL Between the delay 
inverter DL 11 and the delay inverter DL 12, the delay change-over switch DSW2 which 
chooses one side of the output signal of the delay inverter DL 11 and the output signal of an 
inverter IVO, and is given to the input section of the delay inverter DL 12 is formed. 
[0199] Furthermore, the output selection switch SSWO which chooses one side of the output 
signal of the delay inverter DL 2 and the output signal of the delay inverter DL 6, and the 
output change-over switch SSWl which chooses one side of the output signal of the delay 
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inverter DL 10 and the output signal of the delay inverter DL 14 are formed. With the output 
change-over switches SSWO and SSWl, the time delay of the signal outputted from this 
delay chain 50 can be changed. Moreover, the delay change-over switches DSW0-DSW2 can 
adjust the time delay of the delay chain of these delay inverters DL0-DL19. For example, by 
setting the delay change-over switch DSWO as the condition of choosing the output signal of 
an inverter IVO, the delay inverters DL0-DL7 can be short-circuited, and a signal can be 
transmitted to the delay inverter DL 8. In drawing 30 , the delay change-over switches 
DSW0-DSW2 are set as the condition of choosing the output signal of a delay inverter, 
respectively, and the delay inverters DL0-DL19 constitute the delay chain by which cascade 
connection is carried out.' 

[0200] 2 input NAND-circuit NGl in which the decoding circuit 52 receives the output signal 
of an inverter IVO, and the output signal of the delay inverter DL 19, The inverter IVl which 
reverses the output signal of NAND-circuit NGl, and outputs the pressure-lowering 
actuation activation signal ZACT, The inverter IV2 which reverses the output signal of an 
inverter IVO, and 2 input NAND-circuit NG2 which receives the output signal of the output 
change-over switch SSWl, and the output signal of the output change-over switch SSWO, 2 
input NAND-circuit NG3 which receives the output signal of an inverter IV2, and the output 
signal SDT of NAND-circuit NG2, 2 input NAND-circuit NG4 which receives the output 
signal of an inverter IVO, and the output signal ODT of the output change-over switch SSWO, 
The inverter IV3 which reverses the output signal of 2 input NAND-circuit NG5 which 
receives the output signal of NAND circuits NG3 and NG4, and NAND-circuit NG5 is 
included. From an inverter IV3, the signal ZSPEED to which the operating current is made 
^ increase is outputted. 

10201J As shown in drawing 30 , in order to generate Signals ZACT and ZSPEED, by 
considering as the configuration which shares the delay inverter of a delay chain, the 
number of the delay inverters for generating two or more control signals can be reduced, and 
circuit occupancy area and the consumed electric current can be reduced. 
[0202] Drawing 31 is drawing showing roughly the configuration of 3s of sense pressure- 
lowering circuits shown in drawing 29 . Comparator 3sa which compares with the sense 
supply voltage Vccs on the sense power supply line 5 the reference voltage Vref to which 3s of 
sense pressure-lowering circuits is given from the change over circuit 4 in drawing 31 , 
Current drive transistor 3sb which suppUes current to the sense power supply Une 5 from an 
external power node according to the output signal of comparator 3sa, N channel MOS 
transistor 3sc which receives the sense activation signal ZACT in the gate through an 
inverter IV5, and operates as a current source over comparator 3sa, A control signal ZSPEED 
is received in the gate through an inverter IV6, and n channel MOS transistor 3sd to which 
the operating current of comparator 3sa is made to increase is included. The configuration of 
comparator 3sa may be the conventional configuration, and may be a configuration in the 
gestalt 3 of this operation. Although the configuration is explained later, even if it is which 
circuitry, it is appUcable to the gestalt 4 of this operation. 
[0203] When the activation signal ZACT serves as L level of an active state, the output signal 
of an inverter IV5 will serve as H level, MOS transistor 3sc will be in an ON state, the path 
to which current flows to comparator 3sa is formed, and comparison actuation is made to 
start in 3s of sense pressure-lowering circuits shown in this drawing 31 . On the other hand, 
when a control signal ZSPEED serves as L level of an active state, MOS transistor 3sd will 
be in an ON state, operates as this current source transistor of comparator 3sa, and makes 
the operating current of comparator 3sa increase through an inverter IV6. When a control 
signal ZSPEED is an active state, the working speed of comparator 3sa becomes quick, and it 
corresponds to a high speed at change of the sense supply voltage Vccs on this sense power 
supply Une 5. 

[0204] Next, the circuit actuation shown in this drawing 30 and drawing 31 is explained with 
reference to the signal waveform diagram shown in drawing 32 . If the sense activation 
signal SEN starts on H level from L level, the output signal of an inverter IVO will fall to L 
level. It will respond, the output signal of NAND-circuit NGl will serve as H level, the 
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activation signal ZACT from an inverter IVl will serve as L level, MOS transistor 3sc shown 
in drawing 31 will be in an ON state, and comparator 3sa starts comparison actuation. On 
the other hand, the output signal of NAND-circuit NG4 starts on H level. Since the output 
signal of the output change-over switch SSWO is L level, Signal SDT is H level, and on the 
other hand, the output signal of an inverter IV2 also serves as H level. Therefore, the output 
signal of NAND-circuit NG3 serves as L level, the output signal of NAND-circuit NG5 serves 
as L level, and the output signal ZSPEED from an inverter IV3 falls to L level. 
[0205] If the time delay which an inverter IVO and the delay inverters DL0-DL6 have passes 
after the sense activation signal SEN starts on H level, the signal ODT outputted from the 
output change-over switch SSWO will start on H level. However, in this condition, the output 
signal of an inverter IVO is L level, and the output signal of NAND-circuit NG4 does not 
change. If the time delay which the delay inverters DL7-DL14 have passes after the signal 
ODT from the output change-over switch SSWO starts on H level, the output signal of the 
output change-over switch SSWl will start on H level, both the output signals of NAND- 
circuit NG2 will serve as H level, and the output signal of a fall and NAND-circuit NG3 will 
serve as [ Signal SDT ] H level at L level. It responds, both the inputs of NAND-circuit NG5 
serve • as H level, the output signal of NAND-circuit NG5 serves as L level, it responds and. , 
the signal ZSPEED from an inverter IV3 starts on H level. 
[0206] Therefore, after the sense activation signal SEN is activated, Signal ZSPEED 
maintains the active state of L level until the time delay which the delay inverters DLO- 
DL14 have passes. In the meantime, the operating current of comparator 3sa increases and 
it corresponds to change of the sense supply voltage Vccs at high speed. 
[0207] Since Signal ODT is H level when a fall and a sense amplifier are deactivated for the 
sense activation signal SEN by L level from H level, the output signal of NAND-circuit NG4 
serves as L level, it responds and Signal ZSPEED falls to L level with NAND-circuit NG5 
and an inverter IV3. After this sense activation signal SEN falls to L level, when the time 
delay which the delay inverters DL0-DL14 have passes, as for the output signal of a fall and 
NAND-circuit NG4, Signal ODT is fixed to L level by H level from H level. If Signal ODT 
falls to L level, it will respond and the output signal SDT from NAND-circuit NG2 will start 
on H level. The output signal of an inverter IV2 is L level, and the output signal of NAND- 
circuit NG3 maintains H level. On the other hand, NAND-drcuit NG4 starts the output 
signal on H level according to the signal ODT of L level, it responds and the output signal of 
NAND-circuit NG5 serves as L level, it responds and Signal ZSPEED starts on H level. 
Therefore, the control signal ZSPEED between the time delays which delay inverter DLO- 
DL6 has is held at the active state of L level at the time of the shift to the non-active state of 
the sense activation signal SEN from an active state. Therefore, at the time of the completion 
of sense amplifier actuation, again, this operating current of comparator 3sa increases, 
current is supphed to the sense power supply Hne 5 at high speed, it considers as the so- 
called exaggerated drive condition, and the sense supply voltage Vccs is charged by 
circumference supply voltage Veep level. At this time, change over signal phiSW answers 
deactivation of the sense activation signal SEN, and activation of a control signal ZPEED, 
and is generated, and the circumference reference voltage Vrefp is chosen as reference 
voltage Vref.. By this, preliminary charge of the voltage on the sense power supply line 5 is 
carried out on circumference supply voltage Veep level at the time of the completion of sense 
actuation, the voltage-level fall of the sense supply voltage Vccs at the time of sense 
actuation is controlled, and sense actuation is performed at high speed. 
[0208] The activation signal ZACT is driven to the non active state of H level, after the time 
delay which the delay inverters DL0-DL19 have further after the sense activation signal 
SEN shifts to a non-active state from an active state passes. 
[0209] Therefore, the pulse signal which answers each activation and deactivation of the 
sense activation signal SEN, and is driven to an active state is easily generable by choosing 
the output signal of this delay chain 50, and decoding in the decoding circuit 52. Moreover, 
this decoding circuit can be answered and activated at coincidence at activation of the sense 
activation signal SEN, and deactivation of this sense activation signal SEN can be answered. 
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and the pressure-lowering circuit activation signal ZACT which shifts to a non-active state 
can be generated after predetermined time progress (after the completion of exaggerated 
^^ive actuation): 
[0210] Drawing 33 is drawing showing an example of the configuration of the portion which 
generates change over signal phiSW given in the change over circuit 4 shown in drawing 29 . 
In drawing 33 , a change over signal generator contains NOR-drcuit GTl which receives 
Signal SDT and the sense activation signal SEN. When change over signal phiSW outputted 
from this NOR-circuit GTl is H level, the circumference reference voltage Yrefp is chosen, 
and when change over signal phiSW is L level, the reference voltage Vrefs for sense is 
chosen. This NOR-circuit GTl is constituted so that the output signal of an inverter IV2 and 
the output signal of NAND-circuit NG2 which it is contained in the decoding circuit 52 
shown in drawing 29 , for example, are shown in drawing 30 may be received. Therefore, 
since the sense activation signal SEN and a control signal SDT serve as L level, the 
circumference reference voltage Vre^ is chosen, and only the period which performs an 
exaggerated drive is given in a sense pressure-lowering circuit, and can carry out the 
ipressure up of the sense supply voltage Vccs on the sense power supply line 5 in the 
meantime, so that clearly from the signal waveform diagram shown in drawing 32 . Since the 
sense activation signal SEN serves as H level at the time of sense actuation of normal 
operation, change over signal phiSW is L level, and the sense reference voltage Vrefs is 
chosen. 

[0211] [Example 1 of modification] drawing 34 is drawing showing the configuration of the 
example 1 of modification of the gestalt 5 of operation of this invention. 3s of sense pressiire- 
lowering circuits shown in this drawing 34 contains current drive transistor 3d which 
supplies current to the sense power supply Kne 5 from an external power node according to 
the output signal of comparator 3c which compares the voltage by which the level conversion 
was carried out and comparator 3c from the local level-conversion circuit 35 which changes 
the level of reference voltage Vref and the sense supply voltage Vccs on the sense power 
supply hne 5, and this local level-conversion circuit 35. 
[0212] MOS transistors Q62 and Q63 in which comparator 3c receives the voltage from the 
local level-conversion circuit 35 are combined with a touch-down node. Therefore, drive 
control signal phidr given at the ciu-rent drive transistor 3d gate can be driven even to a 
touch-down voltage level like the pressure-lowering circuit shown in drawing 26 . As a 
current source, MOS transistors Q60 and Q61 which constitute current Miller circuit, the p 
channel MOS transistor Q70 which receives the activation signal ZACT in the gate between 
external power nodes, and the p channel MOS transistor Q71 which receives a control signal 
ZSPEED in the gate are formed. MOS transistors Q60 and Q61 can discharge the current 
supplied from these current source transistors Q70 and Q71. 
[0213] By using the configuration shown in this drawing 34 , a control signal ZSPEED can be 
driven to an active state at the time of sense ampHfier actuation, and the operating cvirrent 
can be enlarged, and the operating current can be enlarged according to a control signal 
ZSPEED at the time of the exaggerated drive after the completion of sense actuation, and the 
voltage level of the sense supply voltage Vccs can be raised at high speed. 
[0214] In addition, between this sense power supply Une 5 and a touch-down node, the n 
channel MOS transistor Q73 which is combined between the touch-down nodes of the n 
channel MOS transistor Q72 and MOS transistor Q72 which that gate is combined with an 
external power node, and operate as a resistance element, and receives the activation signal 
ZACT in the gate through an inverter IV7 is formed. MOS transistor Q73 is made into an 
OFF state at the time of the non-active state of 3s of sense pressure-lowering circuits (at the 
time of a standby cycle), it prevents that current flows from the sense power supply line 5 to 
a touch-down node, and reduction of the consumed electric current is aimed at. Moreover, by 
enlarging the resistance of MOS transistor Q72, it controls that current flows from the sense 
power supply Hne 5 to a touch-down node at the time of actuation of 3s of sense pressure- 
lowering circuits, and prevents that the sense supply voltage Vccs rises too much, and the 
sense supply voltage Vccs is correctly transmitted to the local level-conversion circuit 35. 
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[0215] [Example 2 of modification] drawing 35 is drawing showing roughly the configxiration 
of the example 2 of modification of the gestalt 5 of operation of this invention. In the 
configuration shown in drawing 35 the internal power circuit 1 3s of sense pressure-lowering 
circuits which generate the sense supply voltage Vccs according to reference voltage Vrefs, 
Circumference pressure-lowering circuit 3p which generates the circumference supply 
voltage Veep according to the circumference reference voltage Vrefy, The change over circuit 
4 which chooses one side of the supply voltage Vccs and Veep from 3s of sense pressure- 
lowering circuits and circimiference pressure-lowering circuit 3p according to change over 
control signal phiSW, and is transmitted as sense supply voltage (array supply voltage) Vcca 
on the sense power supply line 5 is included. 
[0216] The voltage-level control circuit 10 decodes the predetermined' delay signal of the 
delay chain 50 delayed in an internal cycle initiation indication signal, and this delay chain 
50, and includes the decoding circuit 52 which generates the signal which controls the 
operating current of 3s of sense pressure-lowering circuits, and circumference pressure- 
lowering circuit 3p, and activity/deactivation. The delay chain 50 generates a sense amplifier 
activation signal according to the memory cycle activation signal CMA, is delayed in the 
sense amplifier activation signal of a parenthesis, and generates each control signals. ZACT,. 
ZSPDS, and RAS and ZSPDR Next, it explains with reference to the signal waveform 
diagram showing actuation of the internal power circuit shown in this drawing 35 in drawing 
36 • 
[0217] If the memory cycle activation signal CMA serves as H level of an active state, the 
internal memory cell Une selection actuation initiation indication signal RAS will drive to the 
active state of H level. Selection of a memory cell line is performed in a memory cell array. 
Moreover, circumference pressure-lowering circuit 3p is activated. 
[0218] Subsequently, if predetermined time passes, the sense amplifier activation signal SEN 
will drive to the active state of H level, and the sense amplifier circuit 300 shown in drawing 
35 will be activated. Activation of this sense activation signal SEN is answered, the 
activation signal ZACT drives to the active state of L level, and 3s of sense pressure-lowering 
circuits starts pressure-lowering actuation. Activation of this activation signal ZACT is 
answered and the control signal ZSPDS from the decoding circuit 52 drives to the active 
state of predetermined period L level. By this, the operating current is enlarged in 3s of 
sense pressure-lowering circviits, it operates at high speed, and the sense current at the time 
of sense amplifier actuation is compensated. If sense actuation of the sense amplifier circuit 
300 is completed and it will be in the latch condition of memory cell data, a control signal 
SPDS will be in the non-active state of H level, and, as for 3s of sense pressure-lowering 
circuits, the operating current will be reduced. 

[0219] If a memory cycle is completed, the memory cycle activation signal CMA will drive to 
the non-active state of L level, will respond, and the sense activation signal SEN wiQ drive to 
the non-active state of L level. The sense amplifier circuit 300 will be in a non-active state, 
and the activation signal ZACT wiU be in the non active state of H level, and 3s of sense 
pressure-lowering circuits suspends the pressure-lowering actuation. 
[0220] On the other hand, deactivation (L leveD of this memory cycle activation signal CMA 
is answered, a control signal ZSPDP drives to the active state of L level, and the operating 
current of circimiference pressure -lowering circuit 3p increases (circumference pressure- 
lowering circuit 3p is activated by Signal RAS). The change over circuit 4 chooses the 
circumference supply voltage Veep from circumference press vire "lowering circuit 3p according 
to change over signal phiSW, and transmits it to the sense power supply line 5. Therefore, 
since that operating current is enlarged, this circumference pressiu-e -lowering circuit 3p 
charges the sense power supply line 5 according to that big operating current even at 
circximference supply voltage Veep level at high speed. If a control signal ZSPDP is 
deactivated and the exaggerated drive of the sense power supply line 5 is completed, the 
memory cell hne selection actuation initiation indication signal RAS will be in the non-active 
state of L level, and circumference pressvire-lowering circuit 3p will be in a non-active state, 
and will suspend pressure-lowering actuation. 
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[0221] In the configuration shown in this drawing 35 , at the time of actuation of the sense 
amplifier circuit 300, the operating current of 3s of sense pressure-lowering circuits is 
enlarged with a control signal ZSPDS, and at the time of memory cyde completion, i.e., 
deactivation of the sense amplifier circuit 300, the operating current of circumference 
pressure-lowering circuit 3p is enlarged, and the exaggerated drive of the sense power supply 
hne 5 is carried out (the stabilization capacity 7 is charged at high speecO. Such control 
signals ZACT, RAS, and ZSDPS and ZSPDP are generated using the delay chain 50 and the 
decoding circuit 52. 

[0222] Drawing 37 is drawing showing roughly the configuration of the delay chain 50 shown 
in drawing 35 , and the decoding circuit 52. In drawing 37 , the delay chain 50 includes three * 
steps of delay stages 50a, 50b, and 50c by which cascade connection is carried out. These 
delay stages 50a-50c are delayed in the predetermined time memory cycle activation signal 
^^^7 respectively. 
10223] The decoding circuit 52 contains inverter 52d which reverses the output signal of OR 
circuit 52a which receives the memory cyde activation signal CMA and the output signal of 
delay stage 50a, inverter 52b which reverses the output signal of delay stage 50a, OR circuit 
52c which receives the output signal of inverter 52b, and the memory cycle activation signal 
CMA, and OR circuit 52c. The internal memory cell hne selection actuation initiation 
indication signal RAS is outputted from OR circuit52a, a control signal ZSPDP is outputted 
from OR circuit52c, and change over indication signal phiSW is outputted from inverter 52d. 
The memory cell hne selection actuation initiation indication signal RAS will be driven to an 
active state, if the memory cycle activation signal CMA drives to an active state, and 
subsequently, it is held at an active state until the output signal of delay stage 50a drives to 
a non-active state. Therefore, this signal RAS is driven to a non-active state after the time 
delay progress which delay stage 50a has, after the memory cycle activation signal CMA is 
deactivated. If the memory cycle activation signal CMA is deactivated, a control signal 
ZSPDP will be held at L level until the output signal of delay stage 50a reaches the non- 
active state of L level. Therefore, this control signal ZSPDP will be driven to the active state 
of L level between the time delays which delay stage 50a has, if a memory cell cycle is 
completed. Change over signal phiSW serves as L level, and makes the circumference supply 
voltage Veep from circumference pressure -lowering circuit 3p choose in the change over 
circuit 4 shown in drawing 35 at the time of activation of this control signal ZSPDR 
[0224] The decoding circuit 52 includes 52h of NAND circuits which receive further inverter 
52g which reverses AND'circuit 52e which receives the memory cycle activation signal CMA 
and the output signal of delay stage 50b, the memory cycle activation signal CMA, and 52f of 
NAND circuits which receive the output signal of delay stage 50b and the output signal of 
delay stage 50c, the output signal of delay stage 50b, and an inverter 52g output signal. The 
sense activation signal SEN is outputted from AND-circuit52e. Therefore, after the memory 
cycle activation signal CMA drives to H level of an active state, this sense activation signal 
SEN is driven to an active state, after the time delay which the delay stages 50a and 50b 
have passes, answers deactivation of the memory cycle activation signal CMA, and is driven 
^ a non-active state. 

[0225] The activation signal ZACT is outputted from 52f of NAND circuits. This activation 
signal ZACT is driven on L level of the almost same period active state as the sense 
activation signal SEN. A control signal ZSPDS is outputted from 52h of NAND circuits. This 
control signal ZSPDS will be driven on L level of the active state between the time delays 
which delay stage 50c has, if the output signal of delay stage 50b serves as H level (i.e., if the 
sense activation signal SEN is activated). By this, the operating current of 3s of sense 
pressure-lowering circuits is increased at the time of sense actuation, a speed of response is 
made quick, and the fall of sense supply voltage is controlled. 
[0226] In addition, in the case of Standard DRAM, in the case of the clock synchronous type 
semiconductor memory which drives to an active state according to row address strobe signal 
ext/RAS from the outside, and operates synchronizing with a clock signal, the memory cycle 
activation signal CMA answers the active command given from the outside, is driven to an 
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active state, answers a precharge command, and is driven to a non-active state. 
[0227] In addition, 3s of sense pressure-lowering circuits and drcximference pressure- 
lowering circuit 3p are activated, respectively at the time of activation of the activation 
signals ZACT and RAS, and when control signals ZSPDS and ZSPDP are active states, the 
operating current of 3s of sense pressure -lowering circuits and circumference pressure- 
lowering circuit 3p is increased, respectively. Any of a configuration of that the. configuration 
of 3s of these sense pressure-lowering circuits and circumference pressure-lowering circmt 3p 
is shown in drawing 31 and drawing 34 may be used. The activation signal ZACT (or RAS) 
and a control signal ZSPDS (or ZSPDP) should just be given to a current source transistor. 
[0228] Moreover, the change over circuit 4 can consist of usual CMOS transmission gates. 
[0229] If the gestalt 5 of implementation of this invention is followed, as mentioned above, 
from one signal Since two or more timing signals are generated using delay **** and the 
signal which decodes two or more of these timing signals, and controls the operating current 
of a pressure-lowering circuit, and activity / non-activity is generated, It is not necessary to 
establish a delay circuit in each control signal for controlling the control signal and the 
operating current for controlling this activity / non-activity, and the number of circuit 
elements can be reduced, it can respond and circuit occupancy area and the consumed 
electric current can be reduced. 

[0230] [Gestalt 6 of operation] drawing 38 is drawing showing the configuration of the 
important section of the semiconductor memory according to the gestalt 6 of implementation 
of this invention. In drawing 38 , the power supply level judging circuit 60 for activating the 
pressiu-e-lowering circuit 3 compulsorily is formed until the interior supply voltage Vint of 
powering-on backward reaches a predetermined voltage level. This power supply level 
judging circuit 60 receives the external power voltage Vext, the internal electrical power 
soiu-ce voltage Vint, and reference voltage Vref, and judges whether the internal electrical 
power source voltage Vint reached the predetermined voltage level. If it judges with the 
internal electrical power source voltage Vint having reached the predetermined voltage level 
from relation with the external power voltage Vext, the compulsive activation sigiial ZPUP 
will drive to H level. NAND circuit 62 receives the activation signal ZACT and the 
compulsive activation signal ZPUP from the power supply level judging circuit 60, and when 
these one side is active states, it drives the pressure-lowering circuit 3 to an active state. 
This pressure-lowering circuit 3 may be any of a sense pressure-lowering circuit and a 
circumference pressure -lowering circuit, and that configuration may be equipped with the 
configxiration explained in the gestalt 4 of previous operation, and may be equipped with the 
same configuration as the conventional internal pressure-lowering circuit. 
[0231] Since the powering-on detecting signal POR is not used by using this power supply 
level judging circuit 60, there is no direct connection of an external power node and an 
internal electrical power source line, and it can prevent that the internal supply voltage Vint 
drives on external power voltage Vext level, and the internal supply voltage Vint can be 
changed according to reference voltage Vref, and it can prevent that excessive voltage is 
impressed to an internal circuitry. 

[0232] Drawing 39 is drawing showing the concrete configuration of the power supply level 
judging circuit 60 shown in drawing 38 . In drawing 39 the power supply level judging circuit 
60 CMOS inverter 60a which operates reference voltage Vref as supply voltage of operation 
on the other hand, and reverses the internal electrical power soiorce voltage Vint, N channel 
MOS transistor 60b which discharges a node A2 to a touch-down voltage level according to 
the output signal of CMOS inverter 60a, CMOS inverter latch 60c for latching the voltage of 
a node A2 and A3, CMOS inverter 60e which reverses n channel MOS transistor 60d which 
discharges node A3 to a touch-down voltage level according to the internal electrical power 
source voltage \^nt, and the signal level on node A3, and outputs the compulsive activation 
signal ZPUP is included. 

[0233] CMOS inverter latch 60c contains the CMOS inverter containing the p channel MOS 
transistor Q60 and the n channel MOS transistor Q62 by which connect between power-node 
PS and the touch-down nodes which receive the external power voltage Vext, and each gate is 
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connected to node A3, and the CMOS inverter with which it connects between the external 
power node PS and a touch-down node, and each gate contains a connection **** p channel 
MOS transistor and the n channel MOS transistor Q63 in a node A2. 
[0234] Reference voltage Vref is used in order to generate the internal electrical power source 
voltage Vint in the pressure-lowering circuit 3, and it is generated from the external power 
voltage Vext (the gestalt 1 of operation, and 2 reference). On the other hand, CMOS inverter 
latch 60c and CMOS inverter 60e operate the external power voltage Vext given to the 
external power node PS as supply voltage of operation. When reference voltage Vref is earlier 
than the internal electrical power source voltage Vint, it is reached and stabilized to a 
predetermined voltage level. Next, it explains with reference to the signal waveform diagram' 
showing actuation of the power supply level judging circuit 60 shown in this drawing 39 in 
drawing 4Q 

[0235] Powering on is performed in time of day tO, and the voltage level of the external power 
voltage Vext of the external power node PS rises. In immediately after powering on, since the 
power surge speed of reference voltage Vref is quicker than the power surge speed of the 
internal electrical power source voltage Vint, in CMOS inverter 60a, the*.conductance of a p 
channel MOS transistor is larger than the conductance of an n channel MOS transistor, and 
the voltage level of the output signal of CMOS inverter 60a rises according to the level rise of 
reference voltage Vref. On the other hand, in CMOS inverter latch 60c, immediately after 
powering on, the p channel MOS transistors Q60 and Q61 are in an ON state (the voltage 
between the gate-sources is larger than the absolute value of the threshold voltage), and the 
voltage level of a node A2 and A3 rises according to the rise of the voltage level of the 
external power voltage Vext. Moreover, also in CMOS inverter 60e, the conductance of a p 
channel MOS transistor is larger than the conductance of an n channel MOS transistor, and 
the voltage level of the compulsive activation signal ZPUP rises gently. Although this voltage 
level is exaggeratingly shown in drawing 40 , it is very low, and NAND circuit 62 shown in 
drawing 38 judges this compulsive activation signal ZPUP to be L level, and makes that 
output signal H level. Thereby, the pressure -lowering circuit 3 maintains an active state, 
performs comparison actuation of reference voltage Vref and the internal electrical power 
source voltage Vint, and raises the voltage level of the internal electrical power source 
voltage Vint. 
[0236] In time of day tl, if the voltage level of the output signal of CMOS inverter 60a 
becomes higher than the threshold voltage of n channel MOS transistor 60b, MOS transistor 
60b will be in an ON state, and a node A2 will drive to a touch-down voltage level by n 
channel MOS transistor 60b and Q62. N channel MOS transistor 60d, it is used for the 
voltage-level judging of the internal electrical power soxirce voltage Vint, and the threshold 
voltage or current driving force is made highly or smaller than that of n channel MOS 
transistor 60b. If a node A2 drives to a touch-down voltage level, in CMOS inverter latch 60c, 
the n channel MOS transistor Q63 will be in an OFF state, on the other hand, the p channel 
MOS transistor Q61 will be in stronger switch-on, node A3 will be combined with the 
external power node PS, and the voltage level will be raised even on external power voltage 
Vext level. Moreover, since the voltage level of node A3 rises on external power voltage Vext 
level, in CMOS inverter 60e, an OFF state and an n channel MOS transistor will be [ a p 
channel MOS transistor ] in an ON state, and the compulsive activation signal ZPUP drives 
^ a touch-down voltage level. 

[0237] In CMOS inverter 60b, the conductance of an n channel MOS transistor becomes 
larger than the conductance of a p channel MOS transistor, and the voltage level of the 
output signal of CMOS inverter 60a falls, and finally it drives to a touch-down voltage level 
as the voltage level of the internal electrical power source voltage Vint rises (since the 
difference of reference voltage Vref and the internal electrical power source voltage Vint 
becomes smaller than the difference of the internal electrical power source voltage Vint and 
touch-down voltage). Thereby, n channel MOS transistor 60b will be in an OFF state, and a 
node A2 is held at a touch-down voltage level with the n channel MOS transistor Q62 
contained in CMOS inverter latch 60c. On the other hand, node A3 is held with the p channel 
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MOS. transistor Q61 at the voltage level of the external power voltage Vext. 
[0238] If the voltage level of the internal electrical power source voltage Vint rises, the n 
channel MOS transistor 60d conductance which receives this internal electrical power source 
voltage Vint in the gate will become large. If this n channel MOS transistor 60d conductance 
becomes larger than that of the p channel MOS transistor Q61 which charges node A3 at 
external power voltage Vext level, the voltage level of node A3 will begin to fall. 
[0239] If the voltage level of the internal electrical power source voltage Vint given to a node 
Al reaches a predetermined voltage level in time of day t2 N channel MOS transistor 60d 
conductance becomes svifficiently large. The voltage level of node A3 falls further, and 
respond and the current supply capabiHty of the p channel MOS transistor Q60 becomes 
larger than the current supply capability of the n channel MOS transistor Q62. The voltage' 
level of a node A2 rises and the p channel MOS transistor Q61 shifts to an OFF state. By 
these actuation of a series of, the latch condition of CMOS inverter latch 60c is reversed, the 
voltage level of node A3 turns into a touch-down voltage level, and, on the other hand, a node 
A2 serves as a voltage level of the external power voltage Vext. By the fall of the voltage level 
of node A3, the compulsive activation signal ZPUP from CMOS inverter60e starts on H level 
of external power voltage Vext level. The output signal of NAND. circuit.62 show.n in drawing 
38 serves as L level by this, and, as for the pressvire-lowering circuit 3, pressure-lowering 
actuation is suspended. 

[0240] Although, as for the predetermined voltage level of the internal electrical power source 
voltage Yint, reference voltage Vref is set below to the voltage level, the internal electrical 
power source voltage Vint is driven by the standby pressiu-e-lowering circuit which always 
which is not illustrated operates, and reaches an almost predetermined voltage level. 
[0241] Moreover, if there is a time delay until the voltage level of a node A2 and A3 changes 
and the compulsive activation signal ZPUP drives to a non-active state after the internal 
electrical power source voltage Vint reaches a predetermined voltage level in this time of day 
t2, you may make it the internal electrical power source voltage Vint reach a predetermined 
voltage level using that time delay. Thereby, internal supply voltage can be initiahzed to a 
power up to ah internal electrical power source line, without transmitting the external power 
voltage Vext directly 

[0242] As shown in drawing 39 , the internal node A2 and A3 can be certainly set as an initial 
state by using the reference voltage Vref from which CMOS inverter 60a changes on the 
other hand svifficiently more nearly gently as supply voltage of operation than the external 
power voltage Vext. 

[0243] Moreover, if the external power voltage Vext will be in a stable state and the internal 
electrical power source voltage Vint reaches a predetermined voltage level, the gate voltage 
of MOS transistor Q61 and 60d of MOS transistors will adjust such ciirrent driving force, 
and it will have judged whether based on the voltage level of the external power voltage Vext, 
the internal electrical power source voltage Vint reached the predetermined voltage level as a 
result. The cvirrent driving force of 60d of MOS transistors or threshold voltage is adjusted, 
and the judgment level of the internal electrical power source voltage Vint is determined. 
However, judgment actuation is performed based on the difference of n channel MOS 
transistor 60d [ for discharging MOS transistor Q61 and this node A3 for charging node A3 of 
CMOS inverter latch 60c ] current driving force, and has detected the voltage level of the 
internal electrical power source voltage Vint as a result based on the voltage level of the 
external power voltage Vext. Thereby, stable internal electrical power source voltage 
detection actuation is realized. 

[0244] In CMOS inverter 60a, when the external power voltage Vext is used as supply 
voltage of operation on the other hand, with a voltage level with the internal electrical power 
source voltage Vint lower than the external power voltage Vext, in CMOS inverter 60a, 
current always flows, and the consumed electric current becomes large. Moreover, even if the 
interior supply voltage Vint of a metaphor reaches a predetermined voltage level, the output 
signal of CMOS inverter 60a does not discharge to a touch-down voltage level (n channel 
MOS transistor 60b cannot be set as a perfect OFF state). Therefore, when the internal 
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Sr tth IZ'rr^tl^ predetermined voltage level, the latch condition of this CMOS 

Kput^cT^fS^MOq™ .'ta. dpwiDg^ , the change .peed of the signal level rf 
Therefo). ,1,. ! CMOS mverUr 60a can be adjusted by 6f of RC delay circuits 

wavS£' tt^" T™' activation signal ZPUP in 

waveform diagram shown in drawing^ is deactivated can be Lt as auilahl. tS. 

6^0 JT!; I the condition with the unstable voltage level of A3, and CMOS inverter latch 

^.:t,y«:o,taX"r^^^^^^ 

h? c^^n.^ power voltage Vext, and shifts to a stable state to timing quicker than 

wS aSTil'Zh' T ■"T'"''.''""*. a P-sibilitv that element dest u«ion 

.1 . ^ "^^P'** ^^"^^ ^"PP^y rise in a power up will arise Therefore X 

&nLlrS^?;Sf T°'^^^ -^-'^ of a semic^Xcto^m^S::^ ct 

prevented by giving the compulsive activation signal ZPUP from the power supply level 
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judging circuit 60 to this circumference pressure-lowering circuit, and controlling its activity 
/ non-activity. 
[0249] In addition, in the configuration shown in this drawing 42 , it may be used for 
compulsive activation of the compulsive activation signal ZPUP firom the power supply level 
judging circuit 60 of 3s of sense pressure-lowering circuits. 
[0250] Moreover, the sense reference voltage Vrefs is a voltage level lower than the 
circumference supply voltage Veep (at the time of stabilization), and can carry out drive 
maintenance of the output signal for CMOS inverter 60a shown in drawing 39 or drawing 41 
certainly at L level at the time of stabihzation. 
[0251] Moreover, the output signal of NAND circuit 62 is given at the gate of the current 
source transistor of the internal pressure-lowering circuit of the internal electrical power 
source circuit in the gestalt 4 of previous operation. 
[0252] [Example 3 of modification] drawing 43 is drawing showing roughly the configuration 
of the example 3 of modification of the gestalt 6 of operation of this invention. In the 
configuration shown in this drawing 43 , the voltage-level control circuit 10 includes the 
power supply level judging circuit 70 which detects the voltage level of the internal supply 
voltage Vint using the voltage of the external power voltage Vext. If the internal electrical 
power source voltage Vint and the external power voltage Vext fill predetermined relation, 
the power supply level judging circuit 70 will drive the compulsive activation signal ZPUP to 
a non-active state. Between active states, the pressure-lowering drcmt 3 performs pressure- 
lowering actuation, and this compulsive activation signal ZPUP generates the internal 
electrical power source voltage Vint of reference voltage Vref level from the external power 
voltage Vext. 
[0253] As shown in this drawing 43 , stable voltage-level detection actuation is guaranteed by 
detecting the voltage level of the internal supply voltage Vint using the external power 
voltage Vext stabilized to the quickest timing in equipment. 
[0254] Drawing 44 is drawing showing the concrete configxiration of the power supply level 
judging circuit 70 shown in drawing 43 . In drawing 44 the power supply level judging circuit 
70 Capacitative element 70a connected between node A5 arid a touch-down node, arid CMOS 
inverter 70b which, on the other hand, operates the external power voltage Vext given to the 
external power node PS as supply voltage of operation, and receives the signal on node A5, P 
channel MOS transistor 70c which combines node A5 and the external power node PS 
alternatively according to the output signal of CMOS inverter 70b given on a node A6, 70d of 
CMOS inverters which receive the output signal of CMOS inverter 70b which, on the other 
hand, operates the external power voltage Vext given from the external power node PS as 
supply voltage of operation, and is given to a node A6, CMOS transmission gate 70e which 
answers a CMOS inverters [ 70b and 70d ] output signal, flows alternatively, and transmits 
the internal electrical power source voltage Vint to node A5 alternatively, 70f of comparison 
latch circuits which latch the signal which compares the signal level on node A5 and A6, and 
shows this comparison result; On the other hand, the external power voltage Vext given to 
the external power node PS is operated as supply voltage of operation, and 70g of CMOS 
inverters which reverse the signal on the output node A7 of 70f of comparison latch circmts, 
and output the compulsive activation signal ZPUP is included. 
[0255] CMOS inverters [ 70b, 70d, and 70g ] each contains the p channel MOS transistor and 
n channel MOS transistor which are connected between the external power node PS and a 
touch-down node. CMOS transmission gate 70e contains the p channel MOS transistor which 
is connected to the n channel MOS transistor which receives the output signal of CMOS 
inverter 70b in the gate, this n channel MOS transistor, and juxtaposition, and receives the 
output signal of 70d of CMOS inverters in that gate. 
[0256] The p channel MOS transistor Q70 by which 70f of comparison latch circuits is 
connected between the external power node PS and a node A8, and the gate is connected to a 
node A6, The n channel MOS transistor Q71 by which connects between the external power 
node PS and a node A7, and the gate is connected to node A5, The n channel MOS transistor 
Q73 by which connects between the n channel MOS transistor Q72 by which connects 
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between a node A8 and a touch-down node, and the gate is connected to a node A7, and a 
node A7 and a touch-down node, and the gate is connected to a node A8 is included. 
[0257] The power supply level judging circuit 70 contains p channel MOS transistor 70h 
which is connected between the external power node PS and a node A6, and receives the 
powering-on detecting signal ZPOR in the gate further. The internal electrical power source 
voltage Vint is the circumference supply voltage Veep outputted from the sense supply 
voltage Vccs outputted from a sense power circuit, or a circumference power circuit. Next, it 
explains with reference to the signal waveform diagram showing actuation of the power 
supply level judging circuit 70 shown in this drawing 44 in drawing 45 . 
[0258] Powering on is performed in time of day tO, and the voltage level of the external power 
voltage Vext rises. A power up and the powering-on detecting signal ZPOR are.L level, p 
channel MOS transistor 70h will be in an ON state, and the voltage level of a node A6 rises 
with the voltage level of the external power voltage Vext. Moreover, the voltage level of node 
A5 is lower than the input logic threshold of CMOS inverter 70b, and the output signal of 
CMOS inverter 70b also goes up according to the voltage level of the external power voltage 
Vext. On the other hand, since the voltage level of a node A6 rises according to the voltage 
level of the external power voltage Vext, as for 70d of CMOS inverters, an internal p channel 
MOS transistor maintains an OFF state, and the output signal serves as L level of a touch- 
down voltage level. Therefore, CMOS transmission gate 70a wiU be in an ON state, and the 
internal electrical power source voltage Vint is transmitted to node A5. Capacitative element 
70a is connected to node A5, it charges according to this internal electrical power soxirce 
voltage Vint, and the voltage level of node A5 rises gently 
[0259] The internal electrical power source voltage Vint is generated from the external power 
voltage Vext based on the comparison with the reference voltage Vref generated from the 
external power voltage Vext, as afready explained. Therefore, after powering on, since the 
voltage level of reference voltage Vref rises according to the voltage level of the external 
power voltage Vext, that voltage level also responds and this internal electrical power source 
voltage Vint rises. 

[0260] In 70f of comparison latch circuits Since the voltage level of a node A6 is higher than 
the voltage level of node A5, With the n channel MOS transistors Q72 and Q73 to which the 
conductance of the p channel MOS transistor Q71 was larger than the conductance of the p 
channel MOS transistor Q70, and cross hnking was carried out A node A8 is held at a touch- 
down voltage level, and, on the other hand, the voltage level rises [ a node A7 ] according to 
the rise of the voltage level of the external power voltage Vext according to the charging 
current from the p channel MOS transistor Q71. Therefore, immediately after powering on, 
when the voltage level of a node A7 is lower than the input logic threshold which is 70d of 
CMOS inverters, although a voltage level once rises by 70g of CMOS inverters, for a while, it 
discharges immediately and, as for the compulsive activation signal ZPUP, maintains L level, 
for the compulsive activation signal ZPUP. 

[0261] If the external power voltage Vext reaches a predetermined voltage level or it reaches 
and stabilizes to a predetermined voltage level, in time of day tl, the powering-on detecting 
signal ZPOR will start on H level, and p channel MOS transistor 70h will be in an OFF state. 
In this time of day tl, the external power voltage Vext is stabilized with the predetermined 
voltage level, and the voltage level of a node A6 is also stabilized with the voltage level of the 
external power voltage Vext. Also in this condition, CMOS transmission gate 70a is in an ON 
state, arid, as for node A5, that voltage level rises according to the rise of the voltage level of 
the internal electrical power source voltage Vint. In 70f of comparison latch circuits, the p 
channel MOS transistor Q70 is in an OFF state (the voltage of the source and the gate is the 
same level), and a node A7 maintains H level. 
[0262] According to the rise of the voltage level of the internal electrical power source voltage 
Vint, capacitative element 70a is charged and the voltage level of node A5 rises, if the voltage 
level of this node A5 becomes higher than the input logic threshold of CMOS inverter 70b in 
time of day t2 - the output signal of CMOS inverter 70b - L level - changing . By this, a 
node A6 will discharge to a touch-down voltage level, p channel MOS transistor 70c will be in 
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an ON state, node A5 is combined with the external power node PS, and the voltage level 
rises to the voltage level of the external power voltage Vext. The fall of the voltage level of 
this node A6 will be answered, the output signal of 70d of CMOS inverters will serve as H 
level, CMOS transmission gate 70e will be in an OFF state, and it prevents being 
transmitted to the node to which the external power voltage Vext of node A5 supplies the 
internal electrical power source voltage Vint. 

[0263] In 70f of comparison latch circuits, the p channel MOS transistor Q70 will be in an 
ON state, on the other hand, the p channel MOS transistor Q71 will be in an OFF state, a 
node A8 is charged with the p channel MOS transistor Q70, the voltage level rises, the fall of 
the voltage level of a node A6 is answered, and the voltage level falls [ node A3 discharges 
through MOS transistor Q73 and ]. Discharge and charge of nodes A7 and A8 are performed 
at high speed by the amplifying circuit which consists of n channel MOS transistors Q72 and 
Q73 by which cross linking was carried out. The fall of the voltage level of a node A7 is 
answered, and the compulsive activation signal ZPUP from 70g of CMOS inverters starts, on 
H level. Thereby, the pressure-lowering circuit 3 suspends pressure-lowering actuation. 
[0264] In the configuration of the power supply level judging circuit 70 shown in drawing 44 , 
if ' the- voltage level of node A5 becomes hdgher than the input logic threshold of CMOS . 
inverter 70b, the compulsive activation signal ZPUP will be deactivated. The input logic 
threshold of CMOS inverter 70b is given by the external power voltage Vext given to the 
external power node PS and the ratio of beta of the MOS transistor contained in the interior. 
It can judge correctly whether the criterion voltage level of the internal supply voltage Vint 
was set up using the external power voltage Vext most stabilized early after powering on, 
and the internal supply voltage Vint reached the predetermined voltage level by making the 
input logic threshold of the CMOS inverter 70b into a criterion. This is for the input logic 
threshold of CMOS inverter 70b holding constant value, when the external power voltage 
Vext is held at a fixed condition. Here, beta is the channel width of an MOS transistor, and 
channel length's ratio. 

[0265] The time amount of a before [ from time of day tO / time of day t2 ] is set as g suitable 
value by adjusting the input logic threshold of CMOS inverter 70b. Moreover, the 
configuration which adjusts the activity time amount of the compulsive activation signal 
ZPUP may be used by replacing with this, inserting a resistance element between CMOS 
transmission gate 70e and capadtative element 70a, and changing the cHmbing speed of the 
voltage level of node A5 with the cUmbing speed of the voltage level of the internal electrical 
power soxirce * voltage Vint. 

[0266] When setting the input logic threshold at the time of stabilization of this CMOS 
inverter 70b as the voltage level of the reference voltage Vref (Vrefp, Vrefs) which specifies 
the voltage level of the internal supply voltage Vint (Veep or Vccs) and the internal supply 
voltage Vint reaches a predetermined reference voltage level, without coupUng directly an 
internal electrical power soxirce Hne and an external power node, actuation of the pressxire- 
lowering circuit 3 can be stopped. The internal electrical power source voltage Vint in this 
case may be a voltage level lower than reference voltage Vref. This is based on the following 
reasons. 

[0267] Drawing 46 is drawing showing the configuration of the important section of an 
internal power drcvdt roughly. In drawing 46 , the internal power circidt 1 answers a control 
signal firom a gate circuit 62, alternatively, activity / pressure-lowering circuit 3 which is. 
deactivated and performs pressure-lowering actuation, and always operates, and contains 
standby pressure-lowering circuit 3a which generates the internal supply voltage Vint 
according to reference voltage Vref. The output node of standby pressure'lowering drcuit 3a 
and the pressure-lowering circuit 3 is combined in common. It is prepared in order that 
standby pressure-lowering circuit 3a may guarantee the leakage current of the internal 
electrical power source line at the time of a standby condition, and the amount of drive 
current is made sufficiently small. On the other hand, the pressure -lowering circuit 3 has big 
current driving force, in order to compensate the consimied electric current at the time of 
intemal-drcuitry (circumference circuit and/or sense amplifier circuit) actuation. Therefore, 
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the power-up drive of the pressure-lowering circuit 3 is carried out, and the voltage level of 
the internal electrical power source voltage Vint is raised. Then, by making the voltage level 
of the internal electrical power source voltage Vint reach to a predetermined voltage level 
only according to standby pressure-lowering circuit 3a The time amount sharply taken for 
the internal isupply voltage Vint to be stable compared with the configuration which drives 
the interior supply voltage Yint of powering-on backward to a predetermined voltage level 
(level which reference voltage Vref specifies) only using standby pressure-lowering circuit 3a 
can be shortened. Therefore, even if the timing by which this compulsive activation signal 
ZPUP is deactivated is set up at the time of a voltage level with the internal electrical power 
source voltage Vint lower than reference voltage Vref, it is satisfactory in any way/ 
[0268] Moreover, the configuration of standby pressure-lowering circuit 3a is equipped with 
the same configuration as the pressure-lowering circuit which was only replaced with the 
activity control signal, and bias voltage is only given at the gate of a current source 
transistor, and it was removed, and was explained to until. Current driving force is only 
Diade small. 
[0269] As mentioned above, if the gestalt 6 of implementation of this invention is followed, 
since the pressure -lowering circuit will be compulsorily driven to the active state based on 
the relation between a power up, internal electrical power source voltage, and external power 
voltage, Internal supply voltage is generated through a pressure -lowering circuit, and it can 
prevent that an internal electrical power source Une and an external power node are 
combined. The high voltage which external power voltage is directly impressed to an internal 
electrical power source line, and originates in the noise of a power up etc. is impressed to an 
internal circuitry, and it can prevent that element destruction arises. 
[0270] In the example] of application above-mentioned explanation of [others, although the 
gestalten 1*6 of each operation are explained, in the power supply level control electronics 
shown in drawing 1 , these are combined suitably and may be used. Moreover, it may be used 
separately. 

[0271] Moreover, dynamic random access memory is described as a semiconductor memory. 
However, you may be any of the synchronous semiconductor memory which outputs and 
inputs data as this dynamic random access memory synchronizing with Standard DRAM and 
a clock signal. 

[0272] 

[Effect of the Invention] As mentioned above, if this invention is followed, in the low 
consimied electric current and low occupancy area, the internal supply voltage of desired 
level can be generated to stability, and an internal circuitry can be operated to stability. 
[0273] That is, if invention concerning claim 1 is followed, since the means for adjusting the 
capacity value of the capacitative element combined with an internal supply voltage Une is 
established, in the minimum occupancy area, internal supply voltage can be held to stability 
at a predetermined voltage level, and chip occupancy area can be reduced. 
[0274] If invention concerning claim 2 is followed, reference voltage which is mutually 
different in this internal power circmt is switched, since it constitutes so that internal supply 
voltage may be generated according to those reference voltages, the charge voltage of this 
capacitative element can be set as a high voltage level, the fall of the internal supply voltage 
at the time of internal-circuitry actuation can be controlled, and an internal circuitry can be 
operated to stability. 

[0275] Since it constitutes so that a setup of this 1st reference voltage may be enabled from 
the exterior at the time of a specific mode of operation if invention concerning claim 3 is 
followed, the optimum value of the 1st reference voltage can be determined. 
[0276] If invention concerning claim 4 is followed, the internal circuitry contains two or more 
sense amplifiers which detect and amplify memory cell data, can supply the charge at the 
time of sense actuation from a capacitative element, can control the fall of sense supply 
voltage, and can perform sense actuation at stabihty and a high speed. 
[0277] If invention concerning claim 5 is followed, since internal supply voltage will be 
supplied to the level-conversion circuit of a data output circuit, the sag at the time of 
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actuation of the level-conversion circuit at the time of data output can be controlled, and data 
can be outputted to stability and a high speed. 
[0278] If invention concerning claim 6 is followed, since it will have negative or the 
temperature characteristic of 0 in the 1st temperature field, and the reference voltage which 
has the temperature characteristic positive in the 2nd temperature field by the side of an 
elevated temperature from this will be generated and internal supply voltage will be 
generated based on this reference voltage, an internal circuitry can be operated at stabiUty 
and a high speed over a large operating range. 
[0279] The 1st voltage which is proportional to the resistance ratio of the 1st and 2nd 
resistance elements formed with the same material about reference voltage if invention 
concerning claim 7 is followed, Since the 2nd voltage proportional to the resistance ratio of 
the 3rd and 4th resistance elements formed with a mutually different material is generated, 
and the voltage of the higher ones of these is chosen and it is generating as reference voltage, 
the reference voltage which has negative or 0, and the positive temperature characteristic is 
generable easily. 
[0280] If invention concerning claim 8 is followed, the voltage for which amplifies the 
difference of the current driving force of an MOS transistor by the resistance element, 
transforms the current into voltage by the 2nd resistance element, generates the 1st voltage, 
is generating the 2nd voltage by the 3rd and 4th resistance elements with the same 
configuration, and has the desired temperature characteristic, and it does not depend on 
external power voltage is generable. 

[0281] If invention concerning claim 9 is followed, since the MOS transistor by which diode 
connection was made is used as the 4th resistance element, the voltage which has a desired 
negative temperature property easily is generable with the temperature characteristic. 
[0282] If invention concerning claim 10 is followed, the 3rd resistance element will be formed 
by refractory metal sihcide, and the 4th resistance will be formed by high concentration 
impurity diffusion resistance. At **, it is the temperature characteristic (a temperature 
coefficient can generate the voltage of 0.) mostly. 

[0283] If invention concerning claim 11 is followed, since source joint logic will be used as a 
means to choose the voltage of the high voltage of the 1st and 2nd voltage, the reference 
voltage according to the voltage of the higher one of the 1st and 2nd voltage is generable 
easily and correctly. 

[0284] Since it constitutes so that the level conversion of both reference voltage and the 
internal supply voltage may be carried out, such voltage by which the level conversion was 
carried out may be compared and current may be suppUed to an internal electrical power 
source hne from an external power node if invention concerning claim 12 is followed, a 
comparator circuit can be operated in the optimal field and the internal power circuit which 
carries out a high-speed response can be reaUzed. 

[0285] If invention concerning claim 13 is followed, since the MOS transistor pair which 
constitutes the comparison stage which receives level-conversion voltage will have been 
combined with the touch-down node, respectively, the minimum attainment potential of the 
output signal of a comparator circuit can be made into a touch-down voltage level, the fall of 
the current drive capacity of a current drive transistor can be controlled at the time of 
external power sag, and the internal power circuit which answers a high speed over the 
range where external power voltage is large can be reahzed. Moreover, it is not necessary to 
increase the occupancy area of a current drive transistor, and increase of circuit occupancy 
area can be controlled. 

[0286] If invention concerning claim 14 is followed, since it constitutes from an MOS 
transistor which receives reference voltage and internal supply voltage for a level-conversion 
circuit, and these MOS transistors and the MOS transistor of the same conductivity type 
which constitutes cxirrent MiUer circuit, the level conversion of a current drive mold can be 
performed, the voltage by which the level conversion was carried out at high speed can be 
generated, and the level-conversion circuit excellent in the response characteristic can be 
realized. 
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[0287] Since it constitutes so that the gate of the MOS transistor by which series connection 
IS earned out may be connected to the connection node which set one MOS transistor 
respectively if invention concerning claim 15 is foUowed. each MOS transistor can b^ 
operated in the ahnost same active region, and when partial pressure-ed voltage is low, it can 
operate to stabihty. and the partial pressure voltage of a desired integer ratio can be 
generated. 

[0288] making the same the backgate effect of these two adjoining MOS transistors, since it 
constitutes 80 that the backgate of two MOS transistors which adjoin among the MOS 
transistors by which series connection is carried out may be connected to the connection node 
by the side of such two high potentials of an MOS transistor in common if invention' 
concerning claim 16 is followed •• things can be made, it can be made to be able to operate in 
obtaSS^ ^"^""^ ^"'^ pressure voltage of a fixed division ratio can be 

[0289] If invention concerning claim 17 is foUowed, since the reference voltage for sense 
ampliiiers and the reference voltage for circumference circuits will be generated fi-om one 
reference voltage generating circuit, reference voltage generating drcuit^ccupancy area can „ 

[0290] If invention concerning claim 18 is followed, since each one gate of thesf MOS 
transistors will be connected to the connection node of the set MOS transistor as a resistance 
circuit for this reference voltage generating, using the MOS transistor by which series 
connection was carried out, even if external power voltage is in the value near the minimum 
090,1°^ ''P^^^*^""' reference voltage of desired level is generable to stability. 
IU291J By generating two or more signals through the delay chain which forms one path for a 
mode-of-operation indication signal, and decoding two or more of these signals, if invention 
concerning claim 19 is followed Since it constitutes so that a motion-control signal may be 
generated and actuation of a power supply pressure-lowering circuit may be controlled, it is 
not necessary to prepare a delay circuit corresponding to each control signal, the number of 
cu-cmt elements can be reduced, and circuit occupancy area and the consumed electric 

S^Q^l c- ^'""^ °^ ''^^^"^^ actuation can be reduced. 

102921 Since it constitutes so that the 2nd activation signal which carries out the increment 
in a predetermined period of an internal pressure-lowering circuit activation signal and this 
activated operating current of a pressure-lowering circuit for a decoding circuit may be 
generated if invention concerning claim 20 is foUowed, the operating current of this pressure- 
lowering circuit can be enlarged at the time of internal-circuitry actuation, a speed of 
staWhty '^'^ and the internal supply voltage of desired level can be generated [ 

[0293] If invention concerning claim 21 is followed, a decoding circuit answers each 
activation and deactivation of a mode-of-operation indication signal, is activating the 2nd 
activation signal, and can control the fall of the internal supply voltage by the consumed 
rnooll^^'^''^"* °^ internal-circuitry actuation and internal precharge actuation. 

10^941 It invention concerning claim 22 is followed, since the pressure-lowering actuation 
activation signal and the activation signal for operating current increase are both given to 
tne same internal pressure-lowering circuit, the circuit which carries out the exaggerated 
fn^oKl x>f sense supply voltage can be easily obtained by reference voltage change over. 
lU^95j Moreover, the speed of response is accelerated at the time of this sense supply voltage 
exaggerated drive, and sense supply voltage can be correctly driven even to an exaggerated 
r"^® voltage jgygj 

10296J If invention concerning claim 23 is foUowed, the pressure-lowering actuation 
activation signal and the activation signal for operating current increase are given in the 
respectively different pressure-lowering circuit, and an internal pressure-lowering circuit can 
be operated on the optimal conditions according to the property of the internal supply voltage 

rI?Q7l Q- .1, ^^'^'^ drcuitiy. 

iu^y7j bince the comparator arcuit which adjuste the conductance of a current drive 
transistor is constituted so that it may be activated according to the level of the internal 
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supply voltage to which that voltage level is set by the supply cxirrent from this current drive 
transistor if invention concerning claim 24 is followed, it is not necessary to combine an 
external power node with a direct internal electrical power source line, and can prevent that 
the high voltage unnecessary for an internal electrical power source Une is impressed in a 
power * up. 

[0298] If invention concerning claim 25 is followed, since the comparator circuit will be 
activated according to the difference of internal supply voltage and reference voltage, a 
comparator circuit is correctly activable. 

[0299] If invention concerning claim 26 is followed, it can activate a comparator circuit until 
it reaches a desired voltage level, since the activation means is activating the comparator 
circuit according to the difiference of the reference voltage for internal supply voltage 
generation of correspondence, another reference voltage, and internal supply voltage. 
[0300] If invention concerning claim 27 is followed, a comparator circuit is activable vmtil it is 
activating the comparator circuit according to the difference of internal supply voltage and 
external power voltage and internal supply voltage reaches a predetermined voltage level. 
[0301] If invention concerning claim 28 is followed, it constitutes and acciunvdates so that a 
comparator circuit may be deactivated according to the difference of this internal .supply 
voltage and external power voltage, and when internal supply voltage reaches a 
predetermined voltage level, activation actuation of a comparator circuit can be stopped 
correctly. 

[Brief Description of the Drawings] 

[Drawing ll It is drawing showing roughly the configiu-ation of the whole semiconductor 
memory with which this invention is applied. 

[Drawing 2l It is drawing showing the configuration of the important section of the 
semiconductor memory in the gestalt 1 of implementation of this invention. 
[Drawing 3l It is drawing showing the temperature characteristic of the reference voltage 

shown in drawing 2 

[Drawing 4l (A) shows the configuration of the example of modification of the gestalt 1 of 
operation of this invention, and (B) is drawing showing the temperature dependence of the 
reference voltage when using the resistance element shown in (A). 
[Drawing 5l It is drawing showing the configuration of the important section of the 
semiconductor memory according to the gestalt 2 of implementation of this invention. 
[Drawing 6l It is drawing showing an example of the configuration of the reference voltage 

generating circuit shown in drawing 5 

[Drawing 7l It is drawing showing the foreign voltage dependency of the reference voltage 
from the reference voltage generating circuit shown in drawing 6 
[Drawing 8l It is drawing showing an example of the configuration of the constant current 

source shown in drawing 6 

[Drawing 9l It is drawing showing the configuration of the example of modification of the 
reference voltage generating circuit shown in drawing 5 
[Drawing 10] It is drawing showing the configuration of the partial pressure circuit 
constituted according to the gestalt 2 of implementation of this invention. 
[Drawing ll1 It is drawing showing the relation of the output voltage and input voltage of a 

partial pressure circuit shown in drawing 10 

[Drawing 121 It is drawing showing roughly the configxiration of the important section of the 
semiconductor memory according to the gestalt 3 of implementation of this invention. 
[Drawing 13] It is drawing showing an example of the configuration of the sense amplifier 

circuit shown in drawing 12 

[Drawing 14] It is the signal waveform diagram showing actuation of the circuit shown in 
drawing 12 

[Drawing 15] It is drawing showing the more detailed configuration of the semiconductor 
memory according to the gestalt 3 of implementation of this invention. 
[Drawing 16] It is drawing showing an example of the configuration of the circxmiference 
reference voltage generating circuit shown in drawing 15 
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[Drawing 171 It is drawing showing roughly the configuration of the example of modification 

fDrawin! ?«lT. -^^i °^ invention. 

l Urawmg 18 1 It is drawing showing more concretely the configuration of the stabilization 

in Skassdng 15 and drawing 17 

dratlng^ drawing showing the configuration of the fuse program circuit shown in 

i Drawing 20] It is drawing showing other configurations of the stabilization capacity shown 

1° . ^ drawing 15 and drawing ^ 

UrawinR 21 1 It is drawing showing roughly the example of modification of the gestalt 3 of 
implementation of this invention ' 

[Drawing 22I it is drawing showing the example of appHcation to other uses of the grstair3 
r implementation of this invention 

I Prawing 23] It is drawing showing the example of appUcation to other uses of the gestalt 3 

^^^^''n of this invention 

growing 241 It is drawing showing the configuration of the important sectiST of 'the 

fSnriuA v''?^'^ of.implementation^of this invention. 

L Urawing25| (A) is the signal waveform diagram showing actuation of the comparator circuit 
shown m draivm^ , and (B) is drawing showing the drive current capacity of the current 
m • 0.1 shown in drawing 9A 

L L>rawmg 26 [ It is drawing showing roughly the configuration of the example of modification 
01 the gestalt 4 of operation of this invention 
i Urawmg 27| It is the signal waveform diagram showing actuation of the level-conversion 

fn*'"' 001 T drawing 26 

L Urawmg 28 [ It is drawing showing roughly the configuration of the example 2 of 

Srt^W Si T. • . V, ^"^"^^^ / °f this invention. 

mrawing 2Q 1 It is drawing showing roughly the configuration of the important section of the 

fDrZnf^X°'T°'^- ^T**^^ ^ implementation of this invention. 

L Urawing 30| It is drawing showing the configuration of the delay chain shown in drawing 29 

rn 1 ^ ^ decoding circuit 

lUrawing3H It is drawing showing roughly the configuration of the sense pressure-lowering 

cu-crnt shown in drawing 22 

drlwTn"^ waveform diagram showing actuation of the circuit shown in 

TIT — r 30 

L JJrawing331 It is drawing showing an example of the configuration of the change over signal 

generator shown in drawing 29 

mrawingJil It is drawing showing roughly tiie configuration of the example of modification 

^Drawing '..1 T. ^^'T ■ \ • °^ °^ ^^is invention. 

l Urawmg 3R | It is drawing showing roughly the configuration of the example 2 of 

tortt^g .fil T. .r, , "'"'f ' °^ °^ this invention. 

L Urawing 36 1 It is the signal waveform diagram showing actuation of the circuit shown 

cirawing 2^ 

[Drawing 37l It is drawing showing roughly the configuration of the delay chain shown in 

°r^^^"g . 35 , and a decoding circuit 

i Urawing 38 | It is drawing showing roughly the configuration of the important section of the 
fn?«w'!na Sl'if ^"".""^ according to tiie gestalt 6 of implementation of this invention. 
L Urawmg 39| It is drawing showing the configuration of the power supply level judging 
circuit shown in drawing .qs 

l Urawing 40| It is the signal waveform diagram showing actuation of the power supply level 
judgmg circuit shown in drawing RQ 

[ Drawing 41] It is drawing showing the example of modification of the power supply level 

judging circuit shown in drawing 

[ Urawing 42 i It is drawing showing roughly the configuration of the example 2 of 

tt)r^Sr?.l if- J^' ^ •^P^^^t^^'^ °f this invention, 

l urgwmg 48 [ It is drawing showing roughly the configuration of the example 3 of 
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modification of the gestalt 6 of operation of this invention. 
[Drawing 441 It is drawing showing the configuration of the power supply level judging 

circuit shown in drawing 43 

[Drawing 451 It is the signal waveform diagram showing actuation of the power supply level 

judging circuit shown in drawing 44 

[Drawing 46l It is drawing showing roughly the configuration of the internal electrical power 
source circuit of the gestalt 6 of operation of this invention. 
[Drawing 47l It is drawing showing the configiuration of the conventional whole 
semiconductor memory roughly. 

[Drawing 48l It is drawing showing roughly the configuration of the internal power circuit 

shown in drawing 47 

[Drawing 49l It is drawing showing roughly the configuration of the press\ire-lowering circuit 

shown in drawing ] 48 

[Drawing 50l It is drawing showing the relation between the output voltage of the pressure- 
lowering circuit shown in drawing 49 , external power voltage, and reference voltage. 
[Drawing 5ll It is the signal waveform diagram showing actuation of the pressure-lowering 
circuit* * shown in drawing 49 

[Drawing 52l It is drawing showing roughly the temperature characteristic of the reference 
voltage from the reference voltage generating circuit shown in drawing 48 . 
[Drawing 53l It is drawing showing the concrete configxiration of the pressure-lowering 

circuit shown in drawing 48 

[Description of Notations] 

1 Internal Electrical Power Source Circuit, 10 Voltage-Level Control Circuit, 100 Memory 
Cell Array, 300 A sense amplifier circxiit, 2 A reference voltage generating circuit, 2a The 1st 
voltage generating circuit, 2b 2nd voltage generating circuit, 2c An OR circuit, 3 Pressiu^e* 
lowering circuit, 3p Circumference pressure-lowering circvdt, 3s A sense pressure-lowering 
circuit, R10-R14 Resistance element, CCS A constant current source, Q25-Q29, Q30-Q34 
MOS transistor, SQO, SQl A switching transistor, 2s Sense reference voltage generating 
circmt, 2p A circumference reference voltage generating circuit, 4 A change over circuit, 5 
Sense power supply line, 7 Stabilization capacity, SA A sense amplifier, 9 Transfer gate, 11 A 
static test mode detector, 13 Pad (external pin terminal), 14 A monitor pad, 15 The transfer 
gate, FP, FPO-FPn Fuse program circuit, XTO-XTn The transfer gate, CO-Cn Capacitor, 
alimanusO-OBn An output buffer, 30a A Vppl generating circuit, a 30bVpp2 generating 
circuit, 30c A change over circuit, 30e Stabilization capacity, Cd Stabilization capacity, PDA, 
PDB A pad, 3c A comparator, 3d Current drive transistor, 35 A local level-conversion circuit, 
37 An internal electrical power source line, Q51-Q54 N channel MOS transistor, 505a A 
comparator, 505b A current drive transistor, 505d Internal electrical power source hne, 50 A 
delay chain, DSW0-DSW2 Delay change-over switch, SSWO, SSWl An output selection 
switch, IV0-IV3 Inverter, NG1-NG5 A NAND circuit, 3sa A comparator, 3sb current drive 
transistor, 3sc(s), 3sd A current source transistor, 50a- 50c Delay stage, 52a, 52c An OR 
circuit, 52b, 52d, 52g Inverter, 52e An AND circmt, 52f, 52h ANAND circuit, 60 Power supply 
level judging circuit, 60a, 60e A CMOS inverter, 60b, 60d, an MOS transistor, 60c A CMOS 
inverter latch, 60f A delay circuit, 62 gate circuits, 70 A power supply level judging circuit, 
70a A capacitative element, 70b, 70d, 70g A CMOS inverter, 70c, 70h An MOS transistor and 
70e The transfer gate, 70f Comparison latch circuit. 
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r e f t«EU'^;W±^-rSo tiM^S 0 5 atsitf 
a}5itK7-r:7h7>->*X^50 5 bti. CCDf^gPSii^S 
5 0 5 d±0«Ei:a^P«EV r e f (Oitm^mcU-D 

flti^±mL. S*«EV r e f (DnEu^;i±mti^±m 

t^t. JSi;Trt8|5«ji«EV c c<DmEU'^;Vt±# 
•rSo a*«EV r e f A^-^«EU'<;l'{c5iJatL, $ 
^{t;-r?.i:> ^^crtgpmiimEV c cOlEU'^;!'?.^ 
^fk-r^o LfcA^oT, rtia5«ig«EV c cOmEb'^ 
a?p«ffV r e f (DmEU^flif^^^itttzmc 

.^^{tt^rzit. ^si5«igiiEv e X tsxm. sax- 

^<:T% 1^4 9lC7TitiiolCfJ-ty h Vvy^/7s^ 5 0 

5 c ^ffli/^xmiiSA^x c ortasmii^ s 0 4 ±©m 

EU'^/V^r^^WF^^I-gPWjgWEV e x t omEU'^;b 

[0 0 1 7] 0 5 Ui, «i^fSABf(Drta5«!g«E©^ 

fk^^-THT-feSo las 1 ^^:^5^/>T^ ^^J t oicfci-'T 
«®SA*<fT*t)n. ii-gp«ig«EV e X tOmEb'^ 

5 0 5 c ff'-^yxmtfi^. rtg|i«ii^5 0 

5 d±0«EV c c (4, ^ffl5«ii«EV e x 1 0«EW 

[0 0 1 8] ^SiJ t 1 tCfcVT. i^a5«j®«EV e x t 
*^0rS©«EU'<;l/VbOU'^;bCfija-rsi:, 
A«IWm^/PORA^HU-<;KDl^rS14tt«li:*0, 'J 

•t>y h h-^yi^X^Jf 50 5 cA^:4-7tt®i:*So COtS 
tt. Jt«JlHlS5 0 5 a*5J:t;«gSF7l'7"h7>i'*;^^ 
5 0 5 b tc J: 0 , rtSa5«iS«EV c c *<»lp«EV r e 
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[0 0 19] i:<DU-t>y h h5>'i/;^:J'5 0 5 c*fflV> 
^ciitciOx rtgpmji«l5 0 5d±£Ortg|5tti^ttEV 

'f' = >yT\ 3T^<D«Eb-<;l/ (SSpmEVr e f U'^ 

[0 0 2 0] LA^L^^^e.. COi®^. SiHSA^. « 
iiSA«lttJfl^/P 0 R*<lfrgtt«<iOH U'^/I/irftS 
tT% rtg|5«iliil85 0 5 d {4. ^SI5«ili«E^§tt5y 
-KtCjg-a-^nSo c:0/'c46rtSP«if^5 0 5 d±{C, 
10 t^tfmiH/i'Xftiftc j; 0^iKSg(ciSv>«E*W 

cortSisaigiiis o s d±ortgi5ttiii«Ev c c 

{4?-(Dfl^tt*HfiT-r§ (At^«E7.hUXAV «jg 
^ACi^tcEnia^nSft:*) o ^iftc, COI^EIh1]^5 0 

rtgPmii^S 0 5 d±0«EV c c {4. giJCKlt?>nfc 

«^^^|g»):'D<D/J^^ ^^Bfidf^-rsx^ >/';i'l^EiEi8Sic 

i!eoTmS<D«EU'^;l/'\iK»-r5*2SS*^^'5o iSiiT 
rtg|5«jimEV c c«r$Sfb^-a^-5/-c:46lc(4. WiSSA 

^cso 05 KD^na^j^T'^fiatc, com 

iiSA«ltb«<^/P 0 R*<ftV>WMg14«!iO L \y^)\^ 

tc«^?n/c«^, rtgpmMSEV c cA^S¥«EV r 
e f <i:OtiSv^«EU'~<;HclKi!i$n. rtSPHKlCiiSS 

[0 0 2 I ] 0 5 2 a. S^imEV r e f 
!S«EV c cOigg*Sc#tt^^-r0T'feSo 0 5 2(C*5 
30 l-'T, «l*tCffiaT«r^L, 8Etttc«EV«r5^f « 05 

2ic^s-rj;aic. SMEV r e f fc<i;LfrtgP«ig«E 

5{conT^cDttEb'^;i/*^±^-r'5o. cinti, {gsib 

m\^V=yy'J7.^ (MOS h7>->*X:5f) O^^Ltz 

40 05o LA^L^A^e.. c:<DiE<DS«tf14^l^gPmzillE 
V c cmt^m-B. f6jgSS«T'OT©H®A^^i;i.o 

0 S h^>'i^*X^'0'5r- h«EA^i:«DffiigSllSti:*3l/''T 
iSTLfcli^, MOS F^>->*7.^'<Dj|JS!i6^*y-h- 

v-;^r^€E©^63^4<iA^'J^^ <ft'3. mosf^ 

50 >y HS«Ei:-t>;^«ig€EV c c s i:0||«rlii|@f S 



II 

-xp^SEii, mimi^mcm^y c c s - v c c s/ 
w^i^Dti:^feJ;t^^r>x«^i«Ev c c s(ois.Tmm 

vc c s*^si<*t)-r^. y-h«6isiii©fisj®s^ca^ 

[0 0 2 2] ecr)-tr>'X7>:/|5iig^«iil!ift^-tt?./c 
6n«-b>X1l!gl|Ev c c s©U^;l/^±ff$-iJ-5c 

-tr>X7>':/«iSlE^. iijaiiimEV c c p U'^;!/ 

^> -tr^xT^y^iimEv c c s^mEt^-tyT^m 

tciblc. n^mmWEV e X t cDmEU'^;Wg< ?n 

05O{c^-r«EVa(DP'^;l/Cifi<^:o/ci:t. 
t>-^^^g|5miiimEV e X t t rtgP«lgSEV c c (DH*^ 

'J^^<*ofctt. 114 9ic7iktm.WiV3-fyh^y-y 

X^f 5 0 5 b (OV-X- K U-r >F^aEtf/Jx^ < ;5: 0 , 
C <o«?« K^-fT-h^^-^'x^sosb ©«Sit«)^tl:'3 
AMfiTL. rtg|5m?!^,mEV c cO^ft^. iaiiTrtglSm 

^{crtSP^JiHEV c c^Rfr^«EU-^;L'K«^-ri)C 
i:*'T't^< C(Oir\-^mmmEV e X t ©<ST^ 

[0 0 2 4] 05 3{i; 04 9K:^-rJt«S5 0 5 aco 

n*o?-oy- h *v - K N D B tcSiK* p ^ -v 
h'nDB(Dmicmmttit)--o^(D^- h*v- kn d b 

fCfiljt^tl-Sp^-V^/l/MOS h7>''>*X^PQ2i:, 
y- KN D A i: /- K N D c ©^{cSiK^n*^0^-©y 
-KcS^^EV r e f ^SttS nf-+4^;l/M0 S 
>">*X^fNQ 1 i:, y-KNDBiy-KNDC<OPBlt 

h {crtgpijgmEv c c ^stts 

n^-v:^;l/MOS h7>-:^X^'NQ2 /-KNDC 
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5 0 5 boy-ncgiS^^nso 

[00 2 5] MOS h7>'>*X^fPQ li3j:t;PQ2{i 

S h 5 >'>*X^5? N Q 1 feJcO'N Q 2 'vfiJi-r So M 0 S 
h7>->*X^NQ3ti«j5SMh^i^->'X^T'feD> 
ItKS 5 0 5 a ©iftf^mSS^S-iSiJIl-r 5o g14fl:«# a C 

T«rtgi5«iii^5 0 5 d icmm-^n^^mmifu' C 

10 <Drtg(5«ji«EVc c^r^ft-rstttcgtt^k^nSo 

[0 0 2 6] CtD^5 3lC^-r]:kKgg5 0 5 aO«fiicO' 
M 0 S h 7 Vv'X^ N Q 3 (iDf-\' ^/l/SJixK: J: 

t)^ y-FNDComEU'~^;KiS*mEU^;l'j;D«> 
.iS<4.So MOS h7>->*Zi'NQ,lt3j;t;NQ2cr)/5. 

<Dy-h'NDC(omEu^M'^±mt^t. mo s 

'y4^>^^N Q 1 fcil/N Q 2 O/^y i^y- ha^^'i^t 
<^tl^ CO LtV^ffl«E*''ii5 ^0|gt!)« 

M«AVJn$ < ;5:5„ /- KN D AcD«fiJiMmi£[*^, 7 
20 -KNDC±omix'^;l/T'fe'?s gJti^EU'^/l/J:') 
tiS<*So C(D/-KNDA(i. aMK5-Y:/K5> 
->'X^5 0 5 b<oy-KcSg!$4aTV^S„ Lfob^o 
T, nUWrnmsVex t©«Eb-^;l/*^ffiT-r§i:, 
i:(Dm?5!tK5'f'7h5>v^X^ 5 0 5 bOy— K-V— 
Xfe^ttE*^? 5. }i:/J^^ < 0 . «^ K5^' 7 K 7 >e^"X 
^5 0 5 bO«^!il«^^;b*VjNS<;5;§„ bfc*^oT, 
^^gpmjli«EV e X t tf^^mmmEV c cOMAVh^ 
<&5i:, «SitK^-f'7"b^>'->*X^ 5 0 5 bOV-X 

;- K ymmEti^'b-^ < * !3 . *^oy- h - y-xra 

30 «E*VhJ<^f), COmK5l'7h5>->*X^5 0 
5 b(D«}!iittJ&il:»3*<?P,{C{gT-r5o c:©«j!iit K^-f 
>^ h 7 V->*X^ 5 0 5 b <0^^it«*gtE:f3:&;*Ct < -r S 

[0 0 2 7] ^fc. fiititm^ACTli. i^^mwMs 

0 5 d ±ortgi5i:j^.iEv c c <Dmmc'^t>-^r^it{t 

■rs^^SA^feSo i:©gttftM-^ACT«:fe^-rs/-c4i> 

40 [0 0 2 8] Sfc. la5 3^C?^■rc}:9^. Sttfkjl^A 
C T tc JSS L T }gtt{|:? n S ^EH^T-a ft 

<^ x^'>-'W«F^c*5l/^T^>«If^L. x^f>'-'W^©i; 

-^«it^ffi«-rSI^E0S§(D^^, Sttfbft^A C T 
tCf^^T> -^lEU^;KDAY7X«E*^-^^C)n 
So <:©«^, /-KNDComEU^;W<J:?)ie5<ft 
0 («Si!igh5>'e?X^©3>^i'3'>X*Vh$<!g:5 

fcfe) . CcDnSBliimEV e x t AMfiU^*^, MmV 

50 -rsfci&tc. :*:tfti«iia©««K7i'rK7>i^x 
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^ ^ffli/^«i2SS*^4 C i: 1/^ 3 P.gS*^i C So 
[0 0 2 9] ±3^E©J:3^c^ ti£*©rtSP«jilelKC»^ 

[0 0 3 0] ^-tii^ji. i:fl[)5lWOiM{i^ ^^icrtgp 

|51K*il^lF^-B:5rtSP«jli«E«r±^-r S C i:OT* t S 

[0 0 3 1] c<onm(D{^<Dsmi. i&^^mmx'^^ 
[0 0 3 2] c(o^m<Dt ^Kims^ii. rK^^mi^F'^ 

[0033] 

[HH%<»8i-r§feii>©^s] K^a 1 im^^f^mw^ 

Mmi^iHigs.i:. c<D\^^m.m\s\mi}-'^<Df^si'9.Mns. 

[00 3 4] m^m 2 ic^.^^mwmmii. i o 

?:5l4t-5^St. ^*^fi^tcJJ;^LT^l*3<fca'^2 

os2?SE t fHs^m.mm±<omE ticur^x ^^m.mm 
[0 0 3 5] m^msicm^^mw^ma. m»m2<D 
^^-rsm 1 tDS^mE^ii-apjb^e)^^"!^^:^-^/^* 

[0 0 3 6] tt*fl4 iS«9 1 O 

[003 7] w^a 5 \m^^m{i^im^t. 1 o 

-b;!/© 3 ^(omSi^ nfc p{ ^- "J -b;!/©?^- ^^^^^ 
^^mn^'^tSo ccob-^;l/S^lHl^{irtgpmig«E«r 
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[0 0 3 8] ll*]S6{c^?.it^«ttggti, S 1 OiSK 

SSifS^E^^^-rs^gi:. coStpHEtS-rJv^T 

[0 0 3 9] W^S7t0fe5^3i{*SSti> W«S6 0 
S*«E^4*S*V PI-*ti|^T}glS?ns^ 1 teitf 

S2<Dfi$x^^cDS}nJttcltf?lJ-rSS 1 OlE^r^^f 

10 5m3t3j:t>'m4©JgSi^?OfifitJttcti:<5>J-rSS2<0 
«E*^4-rs^2cD«E%S¥Si:, cnemifeJ: 

2 (D«E^ft#g P. 1 <t 2 oaE^rS 
ttT. ;Si^73©ttEU'^;l/tcf5i;/'cSE«:»*aEi:L 

[0 0 4 0] ii*«8 lJ:«^S#S(*SKti, ig*«6.0. 
^ 1 <D«Efl4¥S*^ ^a5«ig«E%§tt5ng|5«ill 
/-Ft^ 1 O/- Ft orate SiK^nS^ 1 tOSm^ 
TFi:> ^g|5aifiy-Fi:^2Oy-Ft£0H{cSiBi^n 

if^-o^nf- V ifm 2 o/- F»cs«!?n«.m i mnM 

tm3<Dy-]^t o:>mic^m.tni)^-o^<o^- f 2 
(oy- Yicmmtn^m 1 ««s©^2©*feMts«w?* 

F 57-iHi88*«fi!tLT. mmmBt^m 1 ©«git® 

30 [ 0 0 4 1 ] m 2 <omE«4¥is{i, ^^gpwigy -vt 

g|5«ii/- F fcS 5 O/- F t oratCg^SnAO^CO 

y- F 5 - FtcigigE;? nsm 1 mm.m<om 3 o 

l6^y-FS«l?«J»F9>5^X^'i:. «4©/-Ffc 

^ 6 ©y - F t ©FB^tc«Ejs^n*^o^(Dy- f 5 © 
/- Ffc«g!?n2.m 1 mmmcom 4 <D*feiity- fsiw 

m^hyy>^7s^t. ^5feJ;t/m6 0y-FlC|3lC 
;«ct^©m«i*««&-r5^2 U> F 5 7-0Kt> 
M 3 ©J&iSy- F HmwaM F 5 > ->*;^ ^ A b > F 5 ■ 
40 ^-|s]SS^«fi)c-r'S^2cr)«jSlt!gF^>->*X^i:, d© 
m 2 OWiSSii F ^ >->*X ^ ©«l&-r 5«j5it«r«Eti:S^ 

[0 0 4 2] ii*3i9tco^?.##i*^M{i. w^as© 
m 4 (Dm.w.m^ii y- F t F bi' >ti^^5.mmt ntcm 
Mty- F^«i?jsij* F 5y->*x^T'«fi!t$nso 

[0 0 4 3] 1 o(c0g%¥^i4:gs», m^ms 
(Dm 3 cDSfii^? A^ii;®!*.^JS-> u ^t-i* FT«fi!c*n. 

50 tfo 
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[0 0 4 4] m^mi Hi:«§¥afi$:g«(i. m^mi 
<ooR^mi)\ m 1 is^um 2 omE;&^n?-*n(Dy-^ 

[0 0 4 5] mm. 1 3{c^5i|^#f*g{i«, 1 

KttS«!!«E*glJf,o 

[0 0 4 6] 1 4 tc^S^^lftSttti. w^a 1 

t^soy - Kf:oMKi^^;?n*^oa»piiE;&y-h 

- F *<m 3 ©y - Kic!^^^ 3 (D*ejiy- f mw. 

W^*h^>->*X^t, HSOy-Ktjgitty-Kfc© 

-s^ 4 commv- h mm^^^ f ^ > ->*x ^ 
i^^fiymmtitcmmmEt^m s ©y- K*^6.ffi:'3* 

tis b^;v$^$n/crtg[5ajim*^m 2 ©y- K*^e, 

« K5>->*X^{iisi-#«i!J© h7>i;x^T'fe§<, 
[004 7] 1 5 tc«Siiiil«:^H(i, ^ i ©y 

- K i: ^ 2 © y - K i: ©P5(tE?iUtSM^ «l!!©|s| 

^'^©y-ha, loh5>">*Xi5f?rffl{cBi,-'/-ch7> 
->'X^FB^}gg!y-F{cSf«Sn^o §»S!y-F{i. m 
1 *3j;t>*^2©y- FK©«Ei&^^ELfcmE*tti;^|-r 
sy-Ki:45„ 

[0 0 4 8] m^m 1 6 t^si|i«<*«i{±. 1 

5 ©?«^©$6Siy- hlil^^S F y >->*X^f©>'^y ^ 

y- hf)\ mmt^z -ocovm^- f sww^b^ f ^ > 
->*x^'©/<?«y i"^- F*^«atiii»s-rs 2 ^©*6igiy 

- F 7 >i^*x:?©-75©m 1 nmmy- f 
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fcSi^^nSidtCgigE^nS,. F^yi^X^JM©^!! 

y-F«. i?ifs-r5 2o©itei»y-Fi/«w5^sF7>- 
[0 0 4 9] mmy 7 ic^?>^mt^^mii. ^nm.m 

m.mf)'^<Dm}^^m^xm 1 t3«tt;s2©s¥«E^^ 
^t^mt$nE^±ms&t. i:n5.^ifcctt;^2©a 
mnmtn^nicti^-:>zm 1 fej:tf®2©rtgi5«ii«E 

10 ?n€.ati(©y*u-tr;i/;&*-r5y^-ij7b-)'t, y^- 

. mrnVX. jS1t{k^Wj£©5>J©;^*'J-b;l/©-r-^»©«| 

a]*5j;yti*i%fT*'5«|!f©-b>X7>':/i:. ®2©rt 

[0050] mm 1 8 fc«5^ii##^§{i. mm 1 

7 ©aplE^ailSSA^ ««ffiii*>5,©«Sii^S{t5 

^ 1 ©y- F 2 ©y- tcorsimmzi^im-^rL^ 

20 %«^§e c:n8ifi»©t6iBty-Fa«wsftsF7>s? 

x^©§'{?©y-F(i. 1 oFv>->*x^^ra(cBv>fc 
F7>'->*x^r^Sitty-F{cg^$tx§o §sSty-F 

{4^ 1 teJ:tf^2 ©y- FP^©mE*5^EL/c:«E*tti 

^^i-r^y-Ft^Sc F^>->*x^Higieiy-F(4> m 

muos F^>>'x^'«©-7^©^i«iiy-F*5j:t; 

to:^©^ 2 mmy - vt'^mmt^c 
[005 1] mm 1 9 ic^^i^^mi^mmit. mm<om. 

-i>jiiif-i->i:^ c:©iI5ig^x->©fiiTS©as©y 
30 - F©{i-^^xa- F LTSttftfi^^fg^f-SxH- 
FlHlSSfc> i:©-r3-F|5IgSA>e.©Sttfk©^©gtt{|: 
tciSSLTjgttft^n. rtgpmiiimEfcS^PaEi:©^ 
ti:fS t; T rtgpmiS^E© W^-r KElHlK^-g- 
tJo i:©I^ElHlK«x rtg|5«ig«EteJ;D*S¥«E^n 

€n{cm-r§«E^it«-r5Jt«!!iiHigs^^tf„ 

[0 0 5 2] m^mz oicm:^^m»mmi,i. mm 1 

itm^t. c:©gtt{b*nfcK^E0K©itl!(!|5i8S©iiif^ 

40 ^g^^tJc 

[0 0 5 3] mmz 1 icii^it^afftgaa. ii*s2 

O©^:!- F@K*V ili^tt- Kig^ffl^OSttftfeJ: 
tfl^Stt<t:^n^n»c^«LTS2 ©SttfkM^j&ffitt 

[0 0 5 4] mmz 2icm^^^m»m&ii. mmz 

i:©iiterSDTii 1 (D\H^mMms(Du^>i'^m^t^ 

m 1 ©rtgPI^EIslSSi:. C©^ 1 ©KEIelKtgiJtcStt 
e.n, m2©»!fl«EfcS2©rtgpi|^«Ei:%l:t«L 
50 MJtlfJgmttlEoT^2©rtg|3«jilE©U'^;l/;&iiS 
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[0 0 5 5] 18^92 3lC%^il^mWmmii. 18^92 

^-ti^n. ^ifc<fea'S2©rtgi5BS[Hii^'^4AP> . 
[0.0 5 6] w*W2 4tc^^¥»<*gi{i. n^mm 

U'^;WcjcSi;TittJlilK%}Stt{l:-r SSttfk^S* 
fil^S. 20 

[0 0 5 7] W#]12 5ii:<3^;g.iii2fttgBti;. Ii*a2 

[0 0 5 8] m^mz Gicm^bmi^mmis m^mz 

[00 5 9] W^JS 2 7 lC^i.¥aii*ga{i, 18*9 2 

ti:f5i;TJ:biJii]^^jStt{t:-ri)#S*#€yo " so 

[0 0 6 0] mimz 8tc^Si)£3H*gS«x 18*92 

t ^^a5«i!i«E i: cOgA^F/rSiiJ-XT i: * 5 i: lt«lsliS=& 

[0 0 6 1] nm.m^(ommm^m'm^ch\zii*). 

So 

[0 0 6 2] rtgi?m!iaEos¥i:^i.a¥«E*^ ^ 40 

2 (Ogg^ig|T'iE(DSg!^tti&^fc-ii-S c: i: ic J: D > fS 
[0063]* fc»!f6«Efei t;rtSI5«ji«EO U'^;!/. 
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[0 0 6 4] ttc. mn^m.tti^uosvvy'Jx^ 

(O^-Y^. 10SSnfch7>->*7.^'0«iBi/'-FlC« 

[006 5] 1 O<0»JiillE%^lHl»A^ a , S 1 fe<t ^ 
m2 0S*mE«:Sia-r<5mi:-rSJ:fc»i:<t^3> 
mE^^IUK® i&Wffia%(6!it S t So 

[0 0 6 6] */c. ii®«^®T3-KlCJ;0. Sttft 
^#ig:4dt-r S £1 i: ic J: •? . SiJ8II|hIKO i&Sffla^fSilE 
•rSCiiJii^T'tSo 

[0 0 6 7] ttc. |^gi5«jf,mEOlx'^;UtCjCi;T^E 

V^aEA^EnjdD^nSO^ESik-rSiltjb^T't. rtSPIlK 
[0 0 6 8] 

3l5fcP«l. ;>{tU-b;l/7H' 1 0 0, TKb;^A:^'''5"y 
7r2 0 0^ fTStR[llSS2 5 0^ •b>'X7y7'lHlig3 0 
0. ?iJg«?[HlS§3 5 0*5j:t>'Alll:'3@SS4 0 O^-gOo 
7KbXA:'3''';-y7r2 0 0, ^7S^RlHl^2 5 0, ?IJS 
«?I5]K3 5 0fcJ:tfAlll:^lHlK4 0 0{i, •tn^'nJBiZ! 
ttii«EV c c p^-:^i!){t«if.mEi: trSitSo -b 
>X7>:/lHlK3 0 Ofi, -feyxWiimEV c c s«r§ 

[0 0 6 9] iioitisiiwetgSBti? ^gp«if.m 
EV e X t A^e.;g5a«!i«Ev c c pfcj;t/-tryxmM 
mEv c c %^^i§.-t^nun.mm 1 ccortgpm 
'nm^ 1 o^4-rs«iiitEv c c p feit/v c c s <o 
U'^;i'^t!i<tt- Ktf£;i;TiiS|-r?)«E^^;i'$'Jffl]|Hi 

B^-rsA\ /jNfi«®aT% )2:i^^gi5«if«E®«*3ctt>' 

igS^lgeiC«DfcoTe^lC«jS«EV c c p43j:t;v c 

c s^^fig-rso n.s.v^mmm^\ oi*. «i®eX 
i/^T, rta5«ji(HiK 1 *^e.©«ii«Ev c c pioithV 

SfcttVc c sO«EW<;l'%iSISSU*>0$S{k-rSo 

rtgpnif-ssg 1 15 J:a'«EU'^;i'»iHi^ 1 0 ic<t O/J^ 
[0 0 7 0] n^nmrn^ 1 «> rtast^sns 

a*aE?l^lHlSS*^e<DS*«Ei:rtS|5Sjf«EV c c 
(Vc c p^rcJiVc c s) fc<Dlt«*gmtCfSi;Tu<D 

rtgpttigttE©«E u^^i^^^e^r So 
[0 0 7 1] mm<ommi] 
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V 1 ^IS^-r?,^ 1©«JI%40K2 a }g«±Si: 
f fcti-tf n©rgg!^14:Sr;t-r 2 (DSE V 2 ;Sr^fig-r 

^mzmm^^m^z ht.mi o«ev i fc'<j;tf^ 

^^MEV r e f tLrmtlT^OR^^Zc^^tSo 10 
[0 0 7 2] ^ 1 (D«Efl4|5iK2 a ^gpmiiy- 

K t y - K N D D (D^ic^gj^ n*^o?-©y- h !bv- 

FNDDtg^g!?tli)pf-v^-;l'MOS hyyi/X^Q 

vicmmtEtit^^ F >Av- F N D E icmmtm^ 

oy- F AV - F N D D iC^igg^n-S p f-v ^;l/M O S 
F'7>>'X:JfQ2 fc. y-FNDDtgJtty-For^tC 
gM^tlA^O^cD-y- F*V- FN D E{C»^$n?. n 
f-+*;l/MOS F5>">*X:5?Q3i:, /-FNDEtjg 

my- FoF^icgig^$n*o^oy- F*v- fn d e 20 

- FN D D01Eb^;l/{cjSDTng|5mjiy- F*^e.S 
SS*^*&-r5p^-V:^.;l/M0S F^^i^X^QSt, C 

CMOS F-5>->*x^Q5*^e.^*g?nss}^i 3«lt 
Et^^Lxm 1 o«Ev 1 ^^i^t^mim^R L 1 

^^tJo MO S F^>y7.^Q 1 <D^-t':7.;HfiW 1 
M 0 S F ^ > '>'X Q 2 :^;HiW 2 J: ») +i}'/J'> 
? < ^ni>o M 0 S F -5 > -yx^ Q 3 *3 iO'Q 4 (i;;?; b 
>F5^-[5ISS^«^L. t/cMOS F7>->*X^Q 1 
*5j;t;Q5{iAU>F57-|HlK^«fi!c-r«c fila^? 30 
R 1 *5j;t;R L 1 ti. HCtti^T'lifigSnSo 

[0 0 7 3] ^ 2 comEfg^lelgS 2 b«.^lcD«Efg 
4lH]gg2 a tlBl^cDM^^&m^c LA^L^jb^P). 
^2O^E^40gS2b{i. lg*i^?R2*5j:tfRL2 
*^M«*^M%So 'ftt©Sfig{ii:©m 1 0«E^4I1I8S2 
a t 111 CT'* 0 . 3t<fl5-r SgP^J-mtilHl U#Bg#^^# 
to L/c*^oTMOS F7>->'X^Q l~Q5tt. ^1 
omES^lHiK 2 a t5<fclf^ 2 ©^E^aisIgS 2 b {cte 
v^T. |5|C'9-i'X (^+^;Hgi:^-i'*;l/«(Dlt) ©M 
^^SSrc-To 40 

[0 0 7 4] 0R[HllK2c«. ^1-gP«^iy-Ft/-F 
N D F OHlcgEiB?? tiJbO^-oy- F AV- F N D F tc 
SS£?tl5pf-^:t-;VM0S F^>->*X^Q6i:. ^^gp 

ttii/- F i: y - FN D G ©FJttSig^tiA^o^oy- 

F *V - F N D F tgig?^ n S p ^ •\' *;VM 0 S F V y 
S/'X^Q7i:. y-FNDF ty-FNDHcDMKSlii 
Sn*-'0^<r)y-F{c^l<DttEV 1 ^Slj-^nf^-^':?. 
;l/MOS F5>->'X^fQ8i:. /-FNDFi:V-FN 

D Homicmms nA>o^-oy- f tcm 2 o«e v 2 

^ft5n^-l^:^>;l/M0S F5:/->"X^'Q9i:, /-FN 50 



DGi:y-FND Homcism^E nA^o^-oy- f *v 

- FN D G icmmi^tlZ n f-^:?^;!/!^© S F7>->*X^ 
QlOt. y-FNDHtS^iiy-FOF^tcgil^nA^ 
. 0*oy-Flc^r|.a5«jg«EV e X t «rgtJS nf-i'* 
/I/MOS F7>->*X^fQ 1 l*#ty, MOSF^V-^'X 
^Q6teit;Q7A^;^7U'>F57-[sI^*1i^L. MO 
S F5>v/X:5»Q8, Q9t5<fc([/Q 1 OA^y-Xg-a-lm 

a (y-x • y'^i/F • D-:;.y.i^) ;&#ifig-r<5o 
»c, mmc-D\,^xmmt^c . . ' 

[007 5] s-r, mi ©«Ef84[5ii^ 2 a mmc-o ^ 
^^rmmt^o mos F7>->*x^Q3tej;t;Q4a, 

;^U>F57-|s]!S^«figU *^c, un?.<DMOS F 
^>i/'X^Q3*3j;tfQ4(D-9--l'X (f-\':^;H|gtf-\' 
• :t-;UftcD]t) {iSV^tClf L.<^n*5i3.. MO S hy>i<. . 
X^Q 1 fcJ;tfQ 2 icti, |iJD:^t$om}tA^SittlS 
(I 1 = 1 2) o MOS F^^-^'X^Q lfe<tt;Q2 

i-^:;*ct*gtafi^SbTte'3. MOS F^^i^'X^Q 

M 0 S F 5 >i^X ^ Q 1 fc <fctf Q 2 tt-9-7X U>y i/ 3 ;l/ 

FtaJitT»j{t-rSo MO s F ^>->*x^ Q 1 ©y- f - 

y-XF^aE*> SEV g s 1 1 MO S F5>->"X 

^Q2oy-F-y-xrB^«E^^ wmv gsz tt 

So CtlSOMOS F^^i^X^fQ lfeJ:i;Q2A<-9-?" 

X U 3 ;l/ Fffi^T-ttlt LTfefJ. ^/-cAb^FS^ 
-iaigQ3fe<i:t;Q4»cJ; 0, I IfeJcI/I Z<D± 

[0 0 7 6] 

I 0 • Wl • e X p (q • Vg s 1/n • k • T) = I 
0'W2'exp (q'Vgs2/n'k'T) 
C<1X\ I Ot,t. MO S F^>-:^X^Q 1 *5j;l>*Q2© 

f o ±«*>e.. ;AseA^»&nso 

[0 0 7 7] Vg s 1 - Vg s 2 = (n • k • T/q) 
1 n (W 2 /W 1 ) 

MOS F^^-^'X^fQ l*5j:yQ2y-F«fi[{i 
^Ll-'fcii). gSx^^R 1 icEPAn^tlS^EV r 1 tt, 

Vg s 1 - Vg s 2 i:^-5o bfcft^oT, ±i(.i}^^. C 

(Dm.trim'f-R 1 ^i3sn«isit> t^t>^Mo s f^^-^'x 
Q I :te<}:j;Q 2 *ssns«sit 1 1 * it; 1 2 ti, 

[00 7 8] 

I 1 = 12= (Vg s 1 -Vg s 2) /R 1 

= (n • k • T/q) 1 n (W2/W1) • 1 /R 1 

MOS F-^ve/X^J'Q 1 fc<i:D*Q 5A^Ab>F55-15I 
K^«fi!cLTt3D^ cne>cOMOS F^^-i^'X^JQ Ifc 
<kl>*Q5(i^cD-9-f XA^IIL<*nTt5!3. «it I 1 
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So 

[0 0 7 9] V 1 = (n • k • T/q) 1 n (W2/W 
1) • RL 1/R 1 

^ 2 OSEfg^lHlK 2 b t . mi (OmE^±^m 2a t 

[0 08 0] V2 = (n • k • T/q). 1 n (W2/W 
1) • RL'2/R2 10 
0R|H|gS2c{i. «£EV lfeJ:t;V2*, MOS 

->'X^Q8fccfct;Q9£D?-4a€ncDy-HcSft§„ M 

OS h7>'>*7.^Q8~Q 1 o«. ^np><Dy-x*v 

-KNDHlc^^$nT43!3, a7^r- FT* 

ilf^-r.So, SJfi»EV r e f *<«ffiV 1 ^J:^;o■ 2 .k ») 
tSv^^^fCti, y~h'nDy\(DWE.\y^flt)\ Vre 
f-Vtht^!?, MO S h^>->*X^Q8fcJ:l>'Q9 

yi^x-^Qnamm'^^ri-r. y-FNDGA^p.a)s 20 

Jp«ffV r e { m(Omm\y^)Vm&T-t^ (MO S F 

^>i^*x^fQi ucif)»asn§) c 

[0 0 8 1] aJp«EV r e f A^mi ©mEV 1 i:^2 
(DMKV 2(0fi\(0ttiat. MO S F-7y->*X:5'Q8fe 
J:tfQ9*^-;i^*^;i->:bc.^i:^:S„ ^lOSEV 1 
A^H 2 ©«E V 2 <}: f) feiSV''«.^*#x.So C OttStc 
fel/^Ttt^ MOS F7>i^;^^'Q8A^:t>«!i^ MOS 
h5>->*X^Q9A^:j-7ttffifc^:'3, MOS>^>->*X 
^Q6feJ;t>*Q8^J>UTafiS*^MOS F^>->*X^Q 

1 I 'vMnSo COMOS F^>S^X^'Q6^/rLTg5 30 
n§«?^t|Ili:;*Ct$O«gitA"SM0 S h^^i^'X^Q? 
^^YLTMOS h5>->'X^Q 1 CNgiinSo fi^P 
lEVre f{i, ^lOmEVl J:»)t<£v^fcft. MO 

S F^>i?X^?Q 1 Ott, :t7t«c®T'^0, COy-K 

N D G (omm iy^jvif±m u a*«E v r e f (ons. 

[0 0 8 2] mmn&y r e f*^mEV lfcJ;tfV2<i; 
Otffil-'^^fCti. Iil«!ti:. MOS h5>->*X^Q8*5 

46, mmicmmms.v r e f <D«Eb^;i/A^±#-r-5o 

Lfc*^oT, SP«EV r e f (i. «EV 1 fciCfO-V 

2 OiSSV>7^omEU'^;l'lC^H,-'flEU'<;Hc^^?n 

So 

CO 0 8 3] 0 3 (i, SVmEV r e f cDiggltft^^N 
•TE-pfeSo fiiaig^R 1 *5<}:t;R L 1 «:|pII;**«7?« 

^■rsc 5feos*^p,, (RL 1/R 1) com 
tcfeiT. cne>©gia«? R 1 t3<tr>'R l i oiggtsc 

fiTtJte!ILT^-©^EU'<7l'*^±»-r5o mM 50 



^?R L 2tc^ >i''Xx>'>''J-9--l' K*i:©ii5^^^S 
'>VV-,^ K%fflV\ fifitm^R 2 i: LX. P+m.^mi 

> •9-1' if©itSil!iS^Si^ 'J ■9->f' K©ggtS#tt{C 
it'<T:*:t<. il^^gtSit^cfev^T{i, ffitn^?R2©S 
iriffiAV Sm«?RL2Ofitii{ij;0tiS5<*-5o Lfc 
*<-dT, RL2/R2(i, 1 /TtCjtffg-TSfc 

46, S2(7)«EV 2{i. ±s*^e,, ^ogfiitttAV a 

SO«EU-<;Ui:*§o a^llEV r e f (i. «EV 1 

fe±t;v 2 <Dift^/■'*Cl«E^'^;^^cs^^^u^^«E^'^ 

;l't'S5o LfcA^oT, E3£^-ri'5t, ffig^^t 
fcV^T«, ^2(0«EV2{C{i{mL<, «(?0«Dgg 

#tt«:*L, mummici3i,^xii. mi<d«ev 
1 fen L < & 0 , iEogei#i4*w-r «o c (ommmE. 

V r e f ttJfrpTrtgPfli^aEVc c*^^fiE^n-5o U 
tz-h^-z-X. mi^mmci5\.^Xi,i. IE(DSa!Rr14*#L, 

iS«EVc c*<*^*n«o JSSiR»g|fCfcl''T, MOS 

fc, <i(Drtgi5mi^,«Ev c c^mmi'^j\y^m<t^c 

tlc^O. MOS h7>->'X^oy-h«E^r;g< UT 

MOS h^>i^X^OLt(.>ll«E*^l6>Rf{lA^^t<* 
S^^tcfcV^T, rtgl5m«EVc c<D«EU"^;KOffi 

T^mit^cticj:*). mmc. mosf5>->*x^ 

m±t?>ctt)^X'^^o 

[008 4] 04 (A) {4. CO^W©*i6S 

OJB^ 1 OSM^J©^filt«r5^-r^T'fe5o m 4 tcfeov 
T. S2{C^-r^2©«E^^lllK2blC#S*lSatn[ 

R L 2 (Dmis.^7jkto m<Dmmm 2 tc^xi-iifigi: 

iBlCT'&So 04 (A) ttfct^T, filiT[^?RL2«, 
^ff KSfiB?$nfcp^+^;l/MOS h7>->*X^'D 
Qafc'it;DQb^^t?o cne.O^^"l':i--Kg8E?n 
/-CMOS F^>->*X^DQa*5j:0*DQb*fflt.''/c:^ 

•rSo btt>ffl«E©iie«ffi*</J%$<ft5ci:tt, MO 
S h7>->*X^DQat3j:t;DQblC«jJit*^iiitn'^-r< 

tfcA^oT, atit^^R 2 i: LTti. IE<0igg#14^W 
•rs^»e«55ffiiJtfitix*fflv^!!)^oc:o04 (A) tc^-Tfi 
lixll^RL 2«:fflV>/i:«^, S2(D1EV2{4, jgg± 
^thtfC, ^(DMEly^Jim&Tt^ (RL2/R2 
°c1/t2 ) „ -r^t)^, 04 (B) fC^-rj;3{C, ^ 

2o«EV2{i, ft©jggitit**-r«o mi© 

«Ev 1 li^ jEco'^mn^t^mt^o l/c*<ot. 
«Ev r e f {4, &i^mmic^^^x im<Dr§^&^it^m 

mWEEV r e f tSfoT, rtSi5^ag«EV c c *<4dc$ 
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J; t) . M 0 s h 7 > i-'T. ^ <r)mmm&T^m\'t -s c 

cc%. ^0«Eb-^;b?r±#$-&5Cfc{cJ:»5, MO 
S h 7 >~>-x ^ © L t v^fflSEA^:*: t < * o fc«^{cfc 

CO 0 8 51 ;S:4b\ ±a?®«fig{cl3i,^T. MO S 
-S«E b'^;!/ 1 H^-r 5 J; eijc M 0 S > ^ > i/'T. ^ 

SrteP«lg«EVc c (Vc c p^/ittVc c s) <DS 

[0086] u±.nii c <D^mo)mm<omm i tc 

^^•:3ift!Stl«{cfc(,->TIE(DSS#14;g-:g-ri)»tpm 
E^i^LTl^^TziblC. rtg|5S!imEt|5l«(Dfia# 

[0 0 8 7] ^:te, 04 (A) {C^5V^T. p^+^-.;UM 
OS ^^>'S^*X^*m''P.nTl^S„ p^+:^<;l/MO S 

l-:7>S/*X^OL^i, MiS«E©*6«fficDigS<ISt« . *5 
-2mV/rTfetj, Sfcn^+^^l'MOS 
^?OLtl,>ffl«E(Dige«iStt, 1. SmV/'CT- 

[0 0 8 8]^$/c. 0 3*3cfcZ>-S4 (B) Cfel,%Tti. 

fi> iSfiora^OrSetcig^LTi/^^o b*>L4*^ 

[008 9] [^sgcDjgji 2 ] 0 5 (i, ii (omcomm 
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i^TJi. w^mmmEv c c p^^^-rsisaj^EiHis 

3 pt5<tQ*-fe>xmiS«EV c c s^^fiScf 
Ell!S3s»cWL, «iiOS!|S«E%4lllK2*>P.^n 
^nuafflS^PflEV r e f pfcJctfV r e f sA^4A 
P.ni.o 10£Da^lE|g4lHlSS2«rffll/^T, iifflfflS 
SP«EV r e f pfcJ:t;-tr>Xffla*p«EV r e f 
^fiS-r S c i: tc J: , lHlgSi&Wffi«teJ;t;?Nem8i{55)Mg 
M^n§e tfc^ <:ne)Oa^«EV r e f pfcit/'v 
10 r e f scOgfi1ftt^|B|Di:-r§Ci:A^Tt. /St/^fifi 
SBH{i:t'/c:oTi:nP.Ortg|5tt!S«EV c c plSJztfV 

&s^{c»if'^?.-a--i,j:t«T'f5o , . „ 

[0 0 9 0] 06 (i. msic^tsmnE^i^^zo) 

M^^^tmx$>^o 06lCt5l/''T, a^PttE^^lslK 

2 ^1-gi5«jiy - K t y - K N D I ©P^ t SJ^^ 

-^o«git I ^m!i&-r^^m.m.mc c s ,/- knd 
20 o~R 1 4:^^tSc ^SMjgc c s tmmm^R 1 0© 

F^cD/- KND I A>?>Miaffl»?P«EV r e f p*^ffi:^ 
fiJit^? R 1 OfcJ:(lf R 1 1 (DfSOy- KN D J 
*^P)-fe>;^fflg?p«EV r e f stS^mtl-^ti^o Ctl^ 

(ommnEw r e f p^^UV r e f s ii^x^xmt>t 
nso 

[0 0 9 1] V r e f p = I . 5 • R 
Vrefs=I'4'R 

c T% R immmi'R i o ~ r 1 4 ^>j? (om.tn.m^^^ 

to btct'^rsX. ;:nP.©S*«EV r e f ptJjcO'V 

30 r e f s {4. iyi.T<om».^mrcto 

[0 0 9 2] V r e f s = 4 • V r e f p/5 

mmEV r e f p^J^XfV r e f s ^-^©Mfll(c«J$ 
■rSCt*<T't5o cnf.oaWEV r e f p*3j;D' • 

V r e f s i,cm-:>xmmmmmmEv ccp^^zf±> 
xffl«ii«Evc c s*^4fig^n5fc46. mm. Ctl^ 
(op^^mmmmv c c pte<i:i;v c c s t\ 

ybx-^Offii/Siai^tT* 3 lH]?§g|5^^(Dl!)ft3SSt3j; 

[0 0 9 3] 0 7 ^^g|5«Ji«Eta*|!s«Efc(5!)M« 
*^±^tS»COtXT, »*«EV r e f ptScktfV r e 

f s i>^o9mu^jw±m^o ^m^imc cs^m 
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f pt3j;tfv r e f sti. -mcoitm (4/5) (D±^ Mmmc cstmnt. ^m^i^mnBt^o 
t^^t?>c LTcts^-DX. ngi?iii«Ev e x t [0 0 9 9] cKomsit I ti^m.n^t. t<omj^t)^^. & 

^T*fet>Tfe> rtgp@!S«fi!cS*T*feSMO Sh^y JPWEV r e f pfeJct/V r e f s tt, -^©it^^fe 

i^x^-hmi'f^mtisi^t. coy^mwtimmmimir oxmtt^o s*«ev r e r pfc<ta*v r e f s*^ 

5ci:A^T't.S„ t©«E^'<;KD±^fcjSi;T^fl:-r*fcii)T*fe5 (0 

mmmmmEv r e f ptsj^u^yxmrnmrnEv re co i o o] cnici*?, g^ic, ^somv^;!/© 

f s;&Sj«LTV^5rci6> iSfflfflS^aEV r e 10 S^^EV r e f p^^UW r e f s^^^t^C ti)'^ 
f p«r-b>;^fflS*«EV r e f s J^i±0«EU^;WC iltxP)©at(S«E<DaEU'<;l'0 h U 5 y^foytz 

^m^^xcti^(DmmmK^¥t^t^m'^icit^x. c [o i o n rj:^. ±^(ommi,c^\'^xii. &mm^R 

n^<DmiEm^mmt^(Di)^m^tii^c ir^t>^. m i o~r 1 4(4. mc&inm^^t^^oicmmLxy^^ 
mmw^M&y r e f p(D«EU"<;i'*iss-rn{i> is . So . <:ne)oefii<iR i o~.r 1 4.0s.. 

CTg|()fi*I(c. -b^J^fflStpWEV r e f sOmEU'^ tfim^^^Ji^^^C tlci:*). cnP.08Jp«EV r e 

;l/tI@S:JtX5o f p^^ZSV r e f s OJt*%ttiicOffilc^S-rs<: 

[0 0 9 5] 5:*. ±xEOS^JCfet^T, cne.©** A^T't-So 

«EV r e f pteitfV r e f s fi. 5 : 3<0M^«r* [0102] [^S^IJ] 09tt. C 
'-Ttj:l\ 20 2 0^a^J(D«fig%.T^-riaT'fe5cE9{Cfcl^T. CCD 

[0 0 9 6] S 8 tt. 06lC5^N-r^«gSi^CC SO«M S*aE^^iHlK2«. ^1-gI5«jiy-Ki:y-KND0 

«> ngi5a»«Ev e x t ^Bmt?>nm^\/ c l tcM ifty- Kcp^iciijijfcgje^^nsisi— y-i'Xjb^op-L - 

?^J(Cjg«|^tl7!)^O^n^tl©y-KC/W7X«E0C tl^fil«EOp^-v:t-;l/M0S H^>i^*X^Q2 5~Q 

ON^gttSp^-V^^l/MOS H^>->*7.^Q2 0~Q 2 9^^tSo cnibOMOS f-5>->*7.;S'.Q 2 5~Q 2 

23i:, Ctie.©MOS h7>'>'X^'Q2 0~Q2 3^ 9{i, il?lja^lCfeV>T 1 Oh7>'S^;^^'«:P^JC*5Vft 

n€ni;it?ij(cjg)B^?n57'a^7i.m?p r o~p r K'N^n^noy- hA^giK^ns (.h^>i^ 

fu^^L.m=?-P T O-P T 3li. ttiitCffi X^Q2 9^^<) o -T^tJ-fe. MO S h7>->'7.;5?Q 

:'3/-K(Cigg!$n«.o migifilVC L(C(i, SfcliitS 2 50y- h*^MO S Q 2 6t5j:CfQ 2 7 

A^^tCfcl,>T, C(DW.imvCL±(DmKi}'^M.mi,C^ 30 ®P^©Sltty-KND2»cS8E^n. MOS h^>->*;^ 

itt^<D^mitt^tcib(Du-Axy ^ tLXmm :SfQ2 6<Dy-hA^M0S h 7>'>'X^f Q 2.7 tSAl/Q ■ 

•rSJiiilHlSSDL AAWe>n?>o jiMiaSSDLAafi 2 ScDP^cDgE^Z-KNOSlcSM^n. M0Sh5> 

$T;i:4^t/^>^i;T-«fi!t^ni>o i^'X^^Q 2 7©'^'- HA^MO S h^^i^'X^Q 2 Stei 

[0 0 9 7] :/'n^.'5A||?P r 0~P r 3«. tfQ 2 9<iDM©Sitty- KND 4 tcSll^nSo MO S 

^>'i'*hv>->*X^$/cata-X*?^/cai:ne.O h^>i^X^'Q2 9©y-h(iS^^/-KtcSS!*n 

r e f p(omE.]y^)V^m^L. mmm i^tzimu [o i os] ^rc. c^n^ioMos h^yi^xi'Qz 5 

tt) fCSS-r^i^tcyn^vAJg^P r 0~P r 3* ~Q 2 9<D>'^v^'y- h (S«IWg?) 2OOM0S 

:/ni?5i^-rS (\^:i-Xm^(Om-^mWit^^ c hyyyT.^^titLX. fi^fitMOSh^yi^X^ 
[0 0 9 8] /W7X«E(|».C0N«, SZlC^x-TlE 40 OiBmfflOgS^/- KtCgigl^nSo t^it>%. MO 

^4111^2 a J; 0=2 bJC^SnS^ttZiSt^^gPtlS);^ S h7>->*;^^Q 2 5t5j:LfQ 2 6CD/Vv i^y- h*V 

0«fi!t*Wr5liIK3b^e,^;^.P,4l.5 (h^^i^'X^fQS -KNDOKg^iglSn. MOS h^>i^X^Q2 7:feJ: 

(Dy-h'\-^x.P>n5mE) o ;:nP.<DMOS h5>>'* t>*Q2 80>'^y^y-hAV-KND2{cSiB!^n5o 

X^Q20~Q23tt. W[\:^^^X^m7i.Xi5*). m\: M0S>^>->'X^Q2 9{4/^y^'y-h*V-KND 

«s5«tie:^%#-r5o cine.oT'a^^-^A^^p r o~ A\zWm.^n^o ^A\,z.mmc-o\.^xmmt^o 

P r Z<r>fu^=7K iMWl^mm/im) ^t?*^ C t ro 104] BjfSAH5»ct5t^Ttt, y- KN D 0~D • 

{c<t S«j3itiiC C S*^P)<D«Sit I ^aSffitcESf N 4 {i'T'^TSMfieEb'^^l'OL U^;Hc$)So MMif' 

^Ctt^X'^^c ngP«i^>«EV e x t t/WTXSE fiA^tl, na5«ig«EV e x t 0«E b'^;l/*^±Sf 

0>CON<OflEM!!)^ MOS h7>>'*X^Q2 0~Q2 St. S-TSflSitiiC C S A^6miiit*^«*&$n, /-K 
3<DLtV-'i[«E<D*6Wfflj:t)t:^t<*5i:. C<D^ 50 N D 0<i!)«EU'<;V*^±^-r'5o /-KNDO©^EU 
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2 6 ii:irymx'$> K> . mm/- vndz immmE v 

MOS h7>i^X^fQ2 5*^:t>tt^i:* 
0. /-VWX)\^wm:'m-t^o COy-KNDl 
0«EU-^;l/A\ MOS h7>i^-7.ifQ2 6©LtV>fil 
«BE©*e5<tfflJ:»3tift<«:St, ;j(J^,^•pMOS h^^i'- 

Q 2 6 ;S: ^5 o i^t, >T' 7 - K N D 2 

jJSA^^^&^n. <l(D/-FND2©«EU'^;l/A\ MO 
S H5>i/*X^Q2 79ttvMi«JE<D*fi54fflJ;t)tiS; lo 
<«:«t> MOS h7>->'X^Q2 7*^;i->t^®i:^: 

NDOa, MOS h5>->'Xt5?Q2 5*:t>tt.^i:1-5 
i''cii>. 2 • V t h pJMi:Offi±U'^;l/i:;5:S(t:>S*"!fe 
-So i^i^T'V t h pttMOS h^>'i;X^Q2 5-Q2 

ttffb'-^^WMOS h5>->*X^Q2 8<DbtlMiimi± 

0«6WfitJ;t)feS5<%i,i:, MO S h^Vi^'x^Q 2 8 
0 , / - K N D 4 'N^gif^^tlg-r So C © 
/-KND4OaE*SM0S h^>i;x^Q2 9cOLt 20 
I'MiteOJfeMfflJ; D tiS;< ^St, MO S VyyVT. 

^^z^m^m^hts.*)^ y-KND0A^e.gii6/- 
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5o ■r^b-fe|^g!-r5 2OOM0S h7>'>'X^©KI| 

0 S h7>5/*X^f(Cfctt5«EI^T«<3D^SA^§|?!!aM 
OS h5>i^-X:5?^{ci31/>T4i;5fcttTfeSb 

^ y- h o«E V B s ©*fe«ft®¥:)5iiioMiijT'# A e. 

nP.£PMOS h7>->'X^Q2 5~Q2 9*, Str^i; 

>->*X Q 2 5 ~Q 2 9 <D^^^-;Um.in^lHm CtL 
T> S^IS^EV r e f p^^ELT-b>Xffla»p«EV 

r e f s ^Sr^fig-rsc i:*^T-tSo 

CP i.QGi^^t-h'mmmMos h^>->-x^. 
^nfcMo s h7>'>*x^-r'^T^;i->4^^i;-r5ig® 

^^*n-S„ /•ci:;i{#ia9lctei^TM0S f-7>i/"X^ 
Q2 5~Q2 9;&1--<T^V;t-Kg^i||gLfc«^, MO 



/Ts-ra^paff fg^Hgg 2 cD«figo«^. y - h n d 0 • 

ND40d-6 3O(Dil^-r§y-KH<D«S*V MO S . 
H^yS^XiSiQ 2 5~Q 2 9c7)LtV^li«E0^6Mfflcfc 

D0o«ffa«{g3 • V t h pJM±fenff. ccommt 

ftft^S (2OCD^^-rSM0S h^^-^'XtJ^raomS 30 
«i2 • V t h p) o cneOMOS 1-7>>'X^Q2 5 

^^i-*X^Q2 5~Q2 90^+^.;l.giit{Cf6CT, mm 
nmv r e f pt5j;t>*v r e f s (OWE.U^JVf)'^^^^ 
tlSo cCD^^, MOS h5>~>*X^Q2 5~Q2 9 

^L<rs^rcit). S!p«EVr e f p*j;t;Vr e f s 

Co 1 0 5] V r e f p = 4 • V r e f s/5 
MOS >7>->-X^Q2 5~Q2 9*V |i| Dfli^^^T' 40 

Hift-rsoawToafitiSo Mos h7>^:^x^Q 

2 5~Q2 9 0^n^noy-h{i, M0Sh9>->-X 

MOS h7>e;'X^?Q2 5-Q2 8<Dy-h-y-XF^ 
20CDMOS h^>5/-X^{Cfelt51EI^T« 

{ClILV^ CMOS h-7>'i'*X^Q2 9C0^^{C(i, MO 

s H^>'>*x^Q2 9^c^3^^;l,flEl^T»c^<Dy-^• 
-v-xKmE*^^L<^«) o Mos h7>i/' 
X^fQ2 5~Q2 so^n^'noAy^y-Ki, 

^5 2O(DM0S h7>'>-X^f^#ffii:LT. ^eg^ft 50 



S ^■5>i^'X^Q2 5~Q2 9^CfeV^T«:*:Lt^^i[a 

E(D*ft«tt©aE|^TA^i2:^gt^^a;5f-i^^ 5 • V t h 

pA\ ;i3aS21l«EV r e f pOTPSmEtftSo L/c 

T, u (D0 9 icmtmiit^mt^ cticiio. m 
mmmmmEv r e f poTismE^s • v t h p^+ 

53-fg< -rsc: i:*^T-t, ffi«ji«ET(ct3i>Tfe$^[c 
aWEV r e f pfcilfV r e f s^^^^t^C tff^ 

CO 10 7] CtlP-OMOS h5>'i/*X^fQ2 5 

~Q2 9cD'>--h;&1-'^TStt!2«E{Cg8!L, MOSh 
v>->*X:J?Q2 5~Q2 9(D/^-y^-y-h;|-y-KND 
OfCgf^Lfc^^, cne.OM0S h'7>->*X^Q2 5 

~Q 2 9(0y- h- V-XFB1«E*^■r'^T{cfcV^TM* 

t)> s/c/^y^y-h/wrxja^t.t-'^TOMos h 

■5>i^X^(Cte(,->TSftSfci6. MOS h^y->*X:5'Q 
2 5~Q 2 g^f-^TI^Uilft^ffT-il^^^-tSC t*^ 
T't^cvv MO S h5>i^X^Q2 5~Q2 9©f-v^. 
^l/ffitit^^S^D, iEStt. iiaa^p^EV r e f p^grfiff 
M(Oit m^it) T*i^ELT-tr>XS*«EV r e f s 

^feo/cS?p«EV r e f ptJcfcO'V r e f s^i^t 

i>ctiA-v^. «aii«ETtcfev^Tt, g^tcmao 

mmi^-<fl(DmmmEW r e r pt5J;tfV ret sm 

CO 1 0 8] *:te, 09{C^x-r»?|S«E|g4l5IK2CD« 
dc{Cfca^T, y~h'liD2i)^P>mmmE^miiitCtiC 
3 . Vr e f p/5©S!paE«4fig-r«i:i:*^ 

CO 1 0 9] m<omm^<Dmm mi on. cco^tm ■ 
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m^TTitmx'^^o mi oicisv^Ta, xtim&v i n 

E@!Stt. g14<tm^END I V^rSefSCMOS-i' 
;l/MOS h^v'i/'X^fSQOi:. jStt{t{I^END I V 

y-y':^^ s q o t3j:t>* s q i (Dmicmmicmmtti^ p lo 

f-+^-.;l/MOS h7>>'*X:?Q3 0~Q3 4J&§€yo M 

osh7>'i?x^'Q3o~Q34{i. ^n^n-?-®^- 

OMOS h-7i'$^X5fQ3 0~Q3 4 0;^fi!t{i, .09fC 
^■TMOS h^yj/'X^QZ 5~Q2 gcO^ifiSti^lBlUT- 
feSo MO S h^>->'7.^ SQO*3j;D*Q3 OfDKA^P) 
HEY 1 0*^tb:^Sn, MO S h^>i^X:JfQ3 OfcJ: 

tf Q 3 1 (om<omm/- v-b^bme-v o 8*^tb:^*n, 20 

MOS hv^i/'X^QS 1 fciO'QS 2©P^^D^ta/- 
^•r5j^E[Hi^(7)i)f'^%. s 1 1 ic7r.tmE.mmm^^m 

CO 1 1 0] Sttfbft^END I Vt^'LVOl^t^ 

tfet), co^^Emiso^rtgpy-Ka. susmEi^-^ 

;KD7a-x-r>i^«^tfe*o Slt^k^^END I V 
ti^H\y^;ltfi^t. MOS hv^v'X^ SQOteJ;t; 

. SQ mEktiy-¥i3^b^my- 30 

EU^7l/Oi:t(C«, mEV 1 0. V0 8fc<}:t;V0 6 
t^n^nSil!ll|Elx-<;l/T*fe§o iia)A:'3«EV I N 
(OmE.\y^jVii^±^L. MOS hv>->*X^Q3 0~Q 
3 4 *n^'n<0Llrvffl«EO*6S«MtO3flSW±i:&S 
MOS hvyi-'X^'QSO-QS 4lcai5gA^j^tn. 
SEV 1 0, V 0 8:fe<fcD*V 0 6<0ZS.U^)\^i}'^±^t 

[0 1 1 1 ] 0 1 1 {ci3l,>T{i. A:^«EV I KH^m 
0. 6 VSStCfcl^T. «EV 1 0, V08fcJ:t;V0 40 
6cOSEU^;l/*^±^Lj!fe46-5««A^^^n5o "T'^T 
MOS h7>>'X^Q3 0~Q3 4A^;i->«®i:^[-5 

N%Ltl^ffi«E®m^cb(cga-r?>?c*, «EV 1 
Oii\ XiimmV I Nti:IIU<^5o -7?^ «EV0 8 
i>\ 4 • V 1 0/5COmEl^^f\^trjiO. ^fcttEVO 
6A^ 3 • V 1 0/5©mEU'<^l'fc5:So A:^ 
«EV I N(Dm.EU^flf^±.nt^ic-OtXX. «EV 1 

*<oTii:(,^A:>3«EO®B(ct>fcoT, -^cDtk^^r* 50 
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■r?.«E^4fi!t-r5CfcA^T'ti>o SSt^^tcf^ 
^TMOS h^yv'X^^ffll^Sfcfe, ^OtSSffiSI* 

[0 1 1 2] C<JD01 ■Ot^fiJ'ElHllSfCiSVTttEV 
MMMEV e X t T-feoTt J:t/^o CcD^^EHK^fflV 

[0 1 1 3] 35:43. 09feJ:l>*01 0 {C^^N-T^fiittCfcl'' 
5^Effl<DgiaM0S h7>->'X^a5f@fl!V^e)n 

ttEV r e f pfc-Ir>Xffl«ig«EV r e f sOJttCfS 
UT9iS^nTV^i)c LiTcA^oT. il (D^j-EfflfitaM 0 
S h7>->*X:J»©a{4. .5«±T'$)oTfci.<. C.O^. 

[0 1 14] m^mm3] m za. ^(D^jssioj^ 

0T'$i-So lai 2Jcfci/>T{is -tryXT^yielKSGO 
tcWLT-{r>X«ili«EV.c c s *ea-rs-b>X«ji 
iHlSSOWfiJtA^^^nSo m 2»cfci^T. -tr^xSjilHl 
-b^XS^PmEV r e f s %5g4-ri)-b>XS^ 
SEfS^0^2 s JgiZ3fflS*«ffiV r e f p^^^ 

^bTCnP.(DS*«EV r e f sfciJ/V r e f p© 

-:^^s«-r5«gi[H]gS4 i:. ^^jBim4i)^b^^bn 
sa*aEO-:^miif o TKEDi^t^ff ft -3 T-b >x« 
ig«EV CCS %4fi!t-r5-b>Xl^ElHlSS 3 s ^-^tSo 
C £D-b y xa^lEfl^lHlSS 2 s fc<J: D*ii)a»^P«Efl 
Sls]K2p{i, Si]>!j(Dll!ST'feoTtJ:<. ^fc^feO* 

•fe^xmigmEV c c sffloa?P«EV r e f s 
«i^«EV c c pffl(DS¥mEV r e f pti^^^-^tltl 

[0 115] C<D-byxKE|HllS3 s*^P.©-b>Xflill 

«EVc c surest ■S-b^'xmiii^SJc^. $^{1:^ 

^mmLT-ty7.7>-f^^3 o oco?Tc««MN«tc<i: 

5-b>X«igmEV c c s ©iST^ffiffi-rSo 

[0 1 1 6] 01 3«> 01 2{C^-r-b>'X7>y(llSS 
3OOcDm«cD-01J^/T^r0T'fe5o 01 3tCfc(,^T 
(i, lOtDlf-y FiBIJ>ttC«f£;ixTKlte.n«-b>X7> 

ht5j;r;Kb'r>A^32Mlg^^nSp^+^>;l/MOS h 
^>>'X^?Q4 1*3J:1;Q4 2i:, •b>X7>ygttfl; 

S POjgttfbtCfSSLTafjiLs -t^XWii^S 
±0-b>X«iimEVc c s«rMOS hv>i'*X^Q4 
l*5it;Q4 2cDV-X{cea-r?)p^-\'^^;l/M0S h 

$nfcn^-\'4^;l/M0 S b7>->*XifQ 4 4^-J:tfQ 4 
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5 fc, -b>X7>y!gtt{kli#0 S NOgttfbJCfSSL 
T^jiL, MOS h5>'i/7,^fQ4 4feJ:tfQ4 5(DV 

OS h7>i'*;^^'Q4 6*$t?o MOS h7>->*X^?Q 
4 lfccktfQ4 40Kb^>{ilf->h^BLlCgl^$ 
MOS h7>'->'X^fQ4 2feJ;t/Q4 5©KW> 

[0 1 1 7] tr>y h^BLte<J;J>VBLlC3:sM-rS:)^|Pl 

B L C>3^IIS|5tcm fT p< 'J ■tr;VM C A^BBB^ tiS o 

^MQt. •7-FliWL±Offl^lH4tCf£;SUT«aU 

'J■tr;^+■v/^>^^MQ^e■y hSSB LiCgiK-r-Sn 

[0 118] -b>X7>ySAttet^T{i. -tr^XTV 

frSmtm^0 S Pfc<i;a> S NA^'ifttft^nSi:, M 
OS h^>'i;'X:J?Q4 K Q4 2, Q4 4fe<};D*Q4 5 

LOrgi«fi<Dtr^y hm^'tyxmrnrnzv c c s 

W-rSo LiTcjb^oT, ■tr>X7:/7'S A<Di(){WlC{4. 
■b>X«iiJg5±0-byX«}lS«EV c c s*^?N«*n 

So C0-b>x»^5±0-bi'XmiimEy c c so 

. ■So iintciOv -t^'XT^y^iaiii^og^tciift? 
^t^cov^T^l 4^c,T^■r«^s?eE%#sgLTtl^gg■r 

So 

[0 1 19] x^>/wtt^i^^tfe^^Ta. K>~mvj 

SPfcc};t»SNt^^gtt«S{cfe5o co^^fcfco 
T> §S7tCtt, ^Sffla^HEVr e f ptCitJftS 

^nssjamifiiEv c c p 

So 0 1 4 t*5VT«. c:c»Mia«!ilEV c c p*^ 

mmmmmw.E.v r e f pt«?Li->*^*^^?tiSo 

[0 12 0] V-KSSWLA^aiRSnT, ^OSEb^ 

;W±^-rsi:. ^{*y-fe;l/MC07i}'-feXh5>s^x 

^MT*^;^->ttSi:^So '; + + ^^>^MQ t If -j; 
hSB L.tA^T^tXh^^-i^'X^MT^/M-Tm^fi^ 

x\ fprnnm (v c c s/2) (Du^/ix-ya-T-o 
^'^mich-3rz\£y hms LoiiE*"«Mi:-rso 01 4 

s / 2 OIIE l^^;l/;|:{Sit-r §0 

[0 12 1] i5?V>T% -b^XZ^yjSttfk^i^^SN*^ 
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S M 0 S > 5 >i^X Q 4 4 * J: t;Q 4 5 *^M»lti|B»l 

'^^V'NfgT^^So Sfc. •t:>'X7>7'Stt(k<t^(p S 

. p*^'>tanTSit{i:$nx mos h7>->*x:SfQ4 1 

. >xmiilEV c c s ]y^MzmW]1^nZo 

[0 12 2] -tymm. -b^xi^EiEiKa st\ -b 

>'X«iiSl5±©«EV c c s?:, ■b^XSJPWEb'^ 
;Hcffii$LJ;'5ii-rSo Sfc. •b>Xi!i^'^^. 
10 ■7fi:1Sffl^nfcHgf*^7i«?nSo L/c!b^oT. 

x«jf^5±o«iiimE«. -b^xfiiftrj^ji&t^, 

EV r e f p<OIx'^;l/*^C)iST-rs*\ •€-cO«EU-^;l' 

{is ■b>XS^ttEV r e f s tim^t ^WEL^^Jm 

:/SAOM0S h5>->'Xi5fQ4 1 fe<}:D*Q 4 2ti. ig 
aT'-byxK^t^fT^do */'c-tr>XM*&^fcfci,>T, 

CfDMOS h5>>'X^Q4 3^:n-LT4^5.4lS-b>' 

xaiiitEv c c s(Dm.Eiy^)im£Tt%>(o^mi-$ 

20 Q4 2tt. If-y h«BLfcJ:t;/BL±OttEb'^;WC 

f5l;TiE«{c•tr>'Xt!)^^^;&^T«a<:i:*^T-tSc -b^x 
I^E[HlK3sa, C(D-b>X7>ys AA^-b>'XKi{'f;g: 

rlS^«:S:V^/ci6. i:c0-b>XI|jii6l5±O-b>X«ji 

«EV CCS ;&S?PmEV r e f s O^IS-rsSEU'^ 

[0 12 3] ^t'J-9--ri';W^7-rsi:. 9-KjiW 
30 :/?g14ft:fi^ 0SPfcJ;Q'(;.SN t l^jgtttt.^'N^gi* 

tiSo c(o■^zyx7yy^smtm^^0SP<D4mmc 

1 2{i:^-r^j^i5is§4*<. ■tyxmrnmE^^.m^z s 
*^e><D-tr>xs*mEv r e f s^^^^^^T^ mmmmm 

E^felslgSZ pA^P.©^jaSijllEV r e f p^MRL 

T-fe>xi^EisiK3 s'N^^So cntcjcOs -tyxm. 

mWEW r e f p*<«^f SSEt^^^l/t^W-rSo C 

(om. St>'-b>x^^fl^0 swi^Ll^'^^l/Ol^Stttt 
40 ,^i::S:Si:. ^mm^4l,t. -bVXa^mEVr 
e f s^^iRLT-fe>X|^ElElK3 s-.^;^^. u© 

mmWMEV c c pC01x'^;Kc«^$nSo 
[0 1 2 4] com 2fc<i;i[f0I 3{c^-rj:'5t, -b 
^xiif^^-b^xiiftPiiaBufc^fei/^Tti. i:©-b>x 

i:lc<kD, -bvxtiift^jci^Lns^t^-b^xmjjJficJ: 
S-b>X«!i«EVc c sOBEU^;HgT^ffi«L 
T> S^^c-b>x»)^t*^T*3^:i:!()<T'tSo 
50 [0 1 2 5] *:te. -mic-bymmm^s s », J±« 
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co^^yxm^^ibmosif^-byxmrnMrnv CCS 

ico^mmn. -b^xz^yisisss 0 0 (-b>x7>y 
s A) icm^nmmmc^omm-^^n^m^^nmt 

CO 1 2 6] G = C b • 1 K • Vc c s/2 • (V c c 

p — V cos) 

[0 1 2 7] 01 sa. cn^moymmcommsicmo 
^mwKmmmo:>^m)mm^7rstmx'^^o m\ sic 

ssi It, i:©xx^^r-K^^^tll|Bligl lA^^oxxh 

KJi^ft^T E N^rSfi'TS-l'iy-"!-:? 1 2 ts 30 
2 0ttl:'3ffl^txXb^:- K1^tb|5lKl 1*> 

(t/-ctingi54S?) 1 3^iii2a*llE^^lHlK2 p<D 

[0 12 8] f 1 2(omt}mmi. t/c. j^ia 
»^p«Efg^[5igS2 p^4;^e.n, ^(Drs^immmm 
mm&^^^^z p(DatpmEis4«j<t^if±?-B-So 

ffl/^y K 1 4A^^lte>n-5o i:ne.(Dh^>X7 5"!r- 40 
K7:feJ:^;/^y Ki 0 1 {c5^-r«Eb'<;l/$iJ«ilHl 

Ki o<D^fiE{c^sti5o coai st^-r^Pfig 
[0 12 9] m^wiif'e-mic^i^x. xxh^:-K 
>x7Ty-h9{ii^#jittffiicfeD, ^/ij§2]S*m 

Sf£3felHllS2 p{ifg14«®Jc^5. CO^i^mic^^^x 

«Ei«^iHiiS2 p*^i5osjaa*affv r e f ptsij; so 
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•b>xa?P«E^4lHlK2 sA^P.cD-b>;^B?P«ffV r 

e f s <D~ii^mmLxmmmzy r e f x t t-c-b> 

[0 13 0] ■r;^h*-Kmcfcl'»T{i, ^^-gPft^SOfi 
<^liHlHlgSl l*^ xXh^-KJ§^ffl^TEN*g1S^^ 
-h9*<;i->«Slti5:'), S2SiP«E^±liI!S2 p© 

3*:n-LTji2!ffiS^«ffiV r e f p <D«E U"^;l/«rS 
T, J12»»PmEV r e f pCmEU'^^l/^^affiJcE 

-tr^XBiSmEV c c s<DttEb-^;l/5:€-^:J'L, -b^ 
XfjftBtt;: felt ?.IIE b-^;KDSft;?ryi-g|5T' ^ -r 
-So ccotttcii.. gS<bSa7fi-b>x«ji^5{cS 

Xligi|^5{cfctt5-fe>xmii«EVc c sOlEU'^ 
;l'A^:*:t<{gTL^cl,> (a*aEV r e f .s(D5i«-r?. 
«EU'^;l'.i;!p{gTt^^^) IIEt"^;l/i:*SJ:7tc, 
iKDjaaSipfllEV r e f .p<D«3itt*gt«-rSo 
[0131] CC^jaa^mEV r e f p©«®{ilA^?* 
^^nst, (V r e f p-V r e f s) - Zim%.o:> 
-^<Dffl (-b^XTyytllf^^fCfcV^Ttf-;/ h^JtltC 

$S{t:§«7<D^lfficogjgfit^}*^1-So co^^fk 

S«7£0g«<lA^«®fiti:^:5J:dlCv fctAtf, xX 

^i5lt^fc«1Sf^3^f^l^<Dvx^'5!^r^%^^c^5^^TS 

[0 13 2] i:cD^S{|:ga7 0g«<lC<D^ji 

ffltt, (Vrefp-Vrefs) -C — ^fflOM^ 

m\Lm%.i\z%m.t:Xitz^mm-<x'im.ttK. ^(om 

^tfcV^T, ■b>X«!g^5±£D-tyXflSSEVc c 
s*^ mmmEEV r e f sA^9i^-rs«EU'^;Wcl?U 
<*5«:i:*^LTl''5o -t^Xftf^^KtSI/^T, 

<D«^tc{i, ^-jr^^/WKl 4?rffll/^T^^gI5T"b>xa 
iill5<DmE^{b«:€--^fL, CO-bVX^ig^EV c 

c s (omtmm^^- ^t^ct\z^*) ^affioaaffi 
^t>*«»i5i^4^iiif^^-&. -t^xisfwtcfctt-s-fe^ 

X«ii«EV c c s^mt^'^-^f^"^ K 1 4 ^^LX 
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^^gl5T'*::i^L, =t<r)n.&Mti^!b. Wf^mMm^iSt 

imm 7 o^mm^m^t^ (-tr y7.mmi^ 5 omim 

E«V r e f stti) » 
[0 1 3 3] 01 m i 5 (C?xti^2S*«JEf8^fe 

ENtDimit^tcS|jiL. ^1.gP«ig«EV e X t * 
fca-rSp^-^:t-7l^M0S h5>>?X:5?2 p a i:. MO 
S h5>'S^*X^2 p a^/rtTi1-015lljiy-F{Cij;S^? 

-S©ai3it^ttjg-r5^«isiiii2 p b ^mitii 

2 p bf)-^^(Dmmm&ic^m^m.tfim^z p c i:. 

tAmm 2 p c ^glti/-^ Ftc^g-^-r -5 n f-^^)lM 0 s 

2 p d %#tyo fimniK 2 p c ti. 
SE©JBS2li:t3V''T^Lfc#y>"j3>Stn:«?, MO 

[0 1 3 4] 0 1 6ic7n-tmmmmw.m^i^^z p© 

ft^tcfcV^TMOS h5>i^*X^2 p afcJ:lf 2 p dA^ 

*'^sn§sgs*<jgfig^n, s*xiHi!S2pc(D*-r5gji 

ancm-^rcmmmmmmEy r e r p*^4fiit?n?.o 
[0 13 5] r^is. c<D^mmmm.s.v r e f p(omm 

K2 p c(D*-r5SmMSfc{4^«Jigii(Dli!it<i!bH u 

[0 1 3 6] coiai 6t^-r^2a!pttEfi4[siK2 

p^*ijffl-r?)il t{cj;!9, x7.Ft-F^. COMliaS 
*«fffS^(Hli^2 p^til;^/W'r>lf-^>7.«Sli:K 

[0 13 7] %teM>y F 1 3«. '^^it^mi (ommit 

[0 13 8] Sfc. tr.^ffl©/^y F 1 ^a-b^X^S 

XWiiJgSO-feyxffijIgWffVc c s O^^klCRI^f !^ 

[0 13 9] ^:t3, ±iljCDiJiB^{cfe(,^Ttt. Mijas^« 
EV r e f pO«jifit(i. i:©Jiaiil!§(Ol!)ltv— » 
fe J: tfiif^JISfe j:t;-ti>X«igiBI 5 ±£D-b>Xi|j®« 
EV c c sCD^fb^^JiLT^S^nStSJa^bTV^ 
So L*-'LSA^P>, <:«^2!»*p«EV r e f p 

A^^S^n^ COaffiffllcfSUT-b^XflifSEV c c 
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[0 14 0] 1 ] H 1 7 a. uCD^B^OHSiSO 

1^1 7 ^c^•r^^^^:t5^^T{i^ 01 5{<:S^r«^i:a% 

;S2aJp«E^4lalK2pt^il|3iSS4©H(i:. r 
X Ft- Fm.T>«^T E NOg1S{b^l^«ia«ffii:*5 

«Ef8^lHlK 2 p a. SlSf-X F FJg^ffl^^Sr^tt' 
[0 14 1] COEl 7{C^-r«^{C*5l-'T> -rXFt: 

-FP^tcfcl^Tti, F5>X7ry-Fl 5A^I^»ii« 
■ mtri^). J12!SJp«Eft^K2 pi:^^pK4,i:^, 
«)fltL. -7^h7>'X7ry-F9*^ /^yFl3^:« 
^lilK4i::S:geg-r5„ cntc.}: SfflStpmEV r 

e f p(i. j^as^mEfg^iHigs 2 po^^-r^ss^pm 
ta^X'^^c mmmmni±¥t^m^2 pcfet^x, f-x 

F t- Kit. <: ©«ia»?P«E^^lHl8S 2 p 

^ if <D»««:§tt S C t ft < jE%(cHlTM©«E 

[0 14 2] ^fc, COSl 7lr^-r^iR!t{i:*5V^T{i. 
ia2»¥«Efg^[s]|^2 p*$J:i;-tr>XSP«Efl4lH) 
?S2 s«. lo©lHl!S«^i:L, •^^^ m^(D\t^Wo 

[0 1 4 3] 0 1 8 ti, la 1 5 is^um 1 7 ic^fs^ 

■tr>Xtti!gili 5 JcM?iJ{C^+ C 0 ~ C n 
n§o <:n&0+•v^^>^C 0~C n irM^Jtc. F5> 
X77y-FXT0~XTnA^Be^$tl§o +1'/^>^ 
C 0~C n tS^ifiy- FO^tC^-v/V^^f C 0~C 

[0 14 4] F7>X7Ty-FXT0~XTnfcJ:lf 
X-r y f- > if F 7 > ->*X ^ T R 0 ~ T R n 

a^»-r«i^cfe{c. =^^•v/^>^c o~c n^n^etnc 

5hfjSLTl:a-X7"n^7i»ll8SF P 0~F P n*W 
F)n«o ta-Xyn^5A|HlKFP0~Fpntt, 

n^n^^fS© F7>'X7Ty- f x t 0 ~x t n fej:r>* 

X-l'-yf-^^'F^^v/'X^TRO-TRn ffiWlC ^ 
ji^.^fc-r-So <:tieo++A>':S?C 0~C nfi, IrIU 

X:/D^5AFP0~FPn©$iJfflOtfctC. ^A-Ai/ 
^CO-Cn^aS^WfC-b^XWifSSStcg^lS-r-So F 
•7>X77y-hXT0~XTntt, ^^^^n^jiB^, 

mo+^/^i^^co-Cn^rSiKi-rSo -TSr. mo 
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X'C >y f - y 7 ^ T R 0 ~ T R n y^B t 

[0 14 5] S/c. +V>'^->^'CO~Cni:X-r>y^> 
y h 7 y S^X^J T R 0 ~ T R n (Ol^mVm^miC LT-lr 
5 tc 7>-r -> ^>^' h 5 >->*7>^ T R 0 ~T R 

TR0~TRn(Of-^^;l/fitn:i::J:»3iijilHlKA^jefie^ 10 

A^T't^v^o Si 8lC7r-t.iir>i,c, h'^yxyr^-h 
XTO~XTnt<kf), atRWli:5^JS<D4^-\'''^>^?C 0 

CO 1 4 6] 0.1 9{i. mi sjc^-rti-xya^'? 

2»lHlgS F P 0 ~ F P n ©<i^%^-r ST'feSo 12 1 9 
fcl^Tfi. 1 OCDtn-Xya^'^AlHlSSF P<Dli^^ 20 
g^fo mi Qtcfcl/^T, ha-XT'n^'^AlHli^F P 

(FPo~FPn) a, n^mM/-\^ic-:fjmmy- 

i:> MOS h7>->*X^2 0ai:/-K2 0 i OF^fcS 
^^n?>ig»rBjei«cU>i^«?2 0 bt. y-K2 0i 
i:Sltt/-K<DF^fca8c^tl?>nf-t^;WM0S h^y 

i^x^ 2 0 c 7- K 2 0 i t^my- vnmzWm 

«E*5G-rS^'>A-^f 2 0 e i:. -I'y-''?-^ 2 0 e 30 

(0^ti{m^jm.t^'<y/^-i' 2Q it. -iyi^-^ 
20 fom:^){t^^ste-ri.-^>-'^-^20hfc. /- 
K2 0 i tmmy- h-nmimm-t^nij-^-o^coy-hic 

yf<-^ 2 0 e ©m^ffi^^-Stt 5 n :*.;l/M 0 S 

h^yyx^ 2 0 g^r^tJo 
[0 1 4 7] l'>>''^-^2 0 efcJ;tf2 0 f ti^ 

ig«Ev e X t ^-y^mimMmmt trmr^-r^o ^ 
yf^-^zo [ i5^xS20h<o^tim^\ci:*)Yyy7. 
y7f-vxi<D'Mm/immmm-tn^c -^y^- 
^zo f<Diiitimmc^>). 7.^-j^y^v=yy'y7.^ 40 

ai:^«#*<h7>^X7ry-hXT (XTO-XTn) 
© C M 0 S h 7 > X = y -> 3 > y- h © n ;l/M O 

[0 1 4 8] MO S Y^yJTs^ 2 0 d ^+^;H|i 
i: ^ + *;l/ftOJ± (w/ L ) !b'^-^^/J^^ < $ nx 0 , 
^ 0«iJftlBi!]:^Hi+^/jN? < ^nSo M 0 S h 5 >->*x 
2 0 a fciCf 2 0 c ?-n€ny- h H 

[0 14 9] U>^^^2 0 bA^3ia«^SI (lfjg»f) O 50 
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tttCfi, y-K2 0i(i. MOS h7>->'X^»2 0 a 

*/^LT?t«^n. ^(DmEU"^;!/*^^/^-:? 2 o e 
e tDlli;':<t#*^ L % 0 . M 0 s h v 2 

0gA^:t7tic^i::5:i.o M 0 S h 5 Vv^'X^ 2 0 d ti. 

L)b>Si[$*l/>fci&, /-K2 0 1 omffiU'^/l' 

51-a5aiimEVe X t b'^^l/il^So ^fc, ■<y>^ 
2 0 f Offi;'3fi^A^H U-^^b mg|5«lfl«EU-< 
)V) t^O. h7>X77y-KXT*Wffl«^, X 
f >yf->yh5>-^'X^TRA<:i-:/«^i:aO, 4^+/^ 
v'^C/jV -bi/xm^Stc^frs^^fk^SfibTf 

[0 1 5 0] 'J>^«?2 0 b*<jgWf$tifci:tk:{i, 
mK:/-K2 0 I a.. MOS h^>'->*X^'2..0d«:/1:,.U 
TgflUttff U'<;l/'\i^-^*HC|gi)?n> dO/- K 2 o' 
aC)SEU'^;l/*t-l':y>^-^ 2 0 eOAi^iraaLtV-'M 
iOtflKSSi: (miSSA^) > -f^/^-^f 2 0 e© 
m:'3ffi#*^HU'^;l/t^0s MdS h^>'->*X^2 0g 
^tt^ /-K20a *^}gH!!«E b'^yHc^ 
^SnSo 'l'>'>'^-i?2 0 f ©tii:^fi^*^LU'^ 

X-l'-y^>yh5>>'*X^TR*^*7«ffi. 
h7>X77y-hXT!b<Sia«®5:t). ^•\'-'^'>^'C 

[0 15 l].n^-V';^;l'MOSH^>->*X:J'2 0cA^K 
i^SEVe X tO«EU-^;Ufcffi<. SfcMOSh^^ 

iz-x 2 0 d o«git^il):>3 fe/jN* <\ CI <r>%ms. v^jv 

^niiBjfllttA^^'?, MOS h'7>i/*X^'2 0 ctcj; 
[0 15 2] C(Omi 9tC^-r4"V'-'V>^'*5<ttfV:a- 
XlCfcV^T#gSfilO«afi^9lSLfc^, \^:L-X-f 

[0 15 3] ^^yyc't\c. «Jg^-byxmii«E(D 

X7>^y*»{tS-B-,5i: i:*^T#«o 
[0 15 4] [.$«{kg«©«lfi!t2] mzoii. -tyx 

5o 02 ot^-r^figfcfci^Tti. ■tyT.mmwsifcn 

U +-v/V>^fC s a~C s nA^ISltSnSo 

~C s n09^0+-V/^>^*^SS?^n§o cn6<^)4^ 

■v-'^>^'c s a~c s narausaffl^wrso ^ct* 

{f+■V/^>^'C s a~C s n*<-7X^B(|H:«tt). -by 
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. [0 15 5] iKDiaz b(C/TN-r«fi!ciD«^lca. x'Xi' 
[0 1 5 6] [SMffljS] 02 1 tt. COfgi^OSISSfO 

Ev c c s*3j;t;«iaKEiiiK3 p*>e.offljamii«E 

V c c pA^^^|5igg4 (c J; 03MJR^nT-t>7>l»5 
lsl!S3 p*>c,©®ia«ii«EVc c p*^-tr>;^«jii^5 

. x7:yy*^gtt{k$n. c(D^ymif^Timmmm 

JC-tr^xKElHlgSa s*-'P)CD-b>xm!!i«EV c c sfe 
J;0'Miai^E|5)gS3 p*^P)<DJgI3a«)gttEV c c p^^ 

>xmie«EV c c sOWEb^;!/^. /S3«aS«EV 
c c pb^;Hi:tT'±#^-y:S<:i:*^T't5o 

[0 15 7] m(owM^(Dmm 02 2«, cosi?^ 
mz2tc7ntmmci3\.^x. mmms i etc. x^b-^y 

*^e.?*ffl6«){c|g^pjtlT'fe^ (01 sio^rjmi hctts 

rmmm) » -rA^T^'j^^^scdtt, c<onmm 

S I G±(DmE^-^0«EU'^;l'K:«5frSffit6«:«l 
[0 1 5 8] -^cD->5aU->'3>{CJ;D, <:©T* 

FBf{cfei,-.T. CCDmUms I G±oaE^/^y FPD 

:n'LT«ji«SS I G±(DmEi:{l:%t:i^-rSo •^iisi 
S I G01|E^{k<Dfl5fe'>:5:V^«E KPDA«:^ 
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LTBlAD^ni>«E) %5l<46So ^©irtOlE^Vt 

■r^o mmms i G±(c^^(cG3i^nsmE%«Ev 
j t-rso ^-toKs siifk^nfcmEv t a., rtgpisigs 

X c (Ds^fk^a c d (ommm c d 0 . ^k^x-^x f> 

[01 59] Cdo= (Vt/Vj) 'Cd 

So 

[0 16 0] [fflOffl^'\(0Siffi«!|2] 02 3{i> C© 

Rm(omm(omm 3 cosffl^ij 2 o^fig^fflBswtc^t-ia 

X.h^o 112 StcfcV-'T, tUjbx-^lf'y KQO~Qn. 
^n^•tl^^mLTal:^)>'^y 7 r 0 B 0 ~0 B n AW 
P.n5o cne)Om:^-''5<y7rOBO~OBn{i, rtgp 
A^e>^aj?nfcrtg|3Mffi7^-^RDG. /RD0~RD 
n. /RDn^A>y7T5aSLT^n€n5!fj^Otti;':T 
-^Q0~Qn%^fi£LT^^g|5'\tlj:»3-r5o i:nP.CDtB 
20 :^/^>770BO~OBn^i, 

02 3ti:*5V>Ta, til:;'3/^'y7rOB0<D«^*f^aw 

[0 1 6 1] m:^>'^y770BO{i, F^gPRfflr-^f R 
D OdflEb'^yl/^iftaEV p p i^^Mt^mt^V^ 
;l/^g||Hlgg 2 6 a t . b^/l/^^lelgS 2 6a (0^tsm^ 

Q 0^|g»rr«.nf^-\';^;l/MO S h^i^-^'X^ 2 7 a 

t > MOf*3g|5Ri±J-r-^/R D 0 A^H b^;KD t 
L, SJtilEU'^;l/'\ffi:'3T'-^t:'y hQO^fgW-Ti. 
30 n i-\^)\/U 0 S h ■^^v'X:?? 2 7b i|:#tfo V^))/^ 
^lHlK2 6 a{i. lS«EV p p*-:^i!){t«jg«Ei:L 
TKftb. F«ggi5BEtti7=-^'RD0©Hb'^;l/ (rtgPHig 
as (V c c s ) ^iSWEV p p V^Mzmk 

■rSo MOS h7>S^X^2 7 ati. mMMS.V c c q 

^-:^i!)ffmji«Ei: LT§Jt, i:<DU'^;i/^ifei5|K2 

6 a A-'P.omiiltEV c c q j; 0 feiSV^SflEV p p ^ 
f-V\z^\)X. Lti.^filllEa*^^D?-li5Ci:;S: 
< , «iilIEV c c q V^)V(DH if 
•y hQ0^|gi!)-r§o 
40 [0 16 2] cnP)^Dm:^I/^y7TOB0~OBn^^tt 

ate, w, 1 Oft«Ev p p 1 ^^^-rs V p p 1 ig^iHi 

KSOat, ^lOMEVpp 1 i»?til5V-'ll2©iSl 

«EVpp2^^4-rSVpp2|Rl4|51SS3 0bt. ^ 
^{t^0 a (CfSSLTSeEV p p 1 *5j:t>*V p p 2 <D 
-7^%rtg|5ii5«E{Ea3g3 0 d±tfiil-r5^^@gS3 
Oct. t ©rtgi5iS5«EeS^3 0 d ©WE^-^Sfbf 
?.e^fkS«3 0 e^^tJo 

[0 16 3] CCF^gPfSsmEeJi^S 0 d A\ ffl^/^-y 
7 7 0 B 0 ~0 B n ^n^'niC-tSnS b'^/U^^lHlfS 
50 'Nia;«EVppS:«ti&-r5o ^^m^0aAV mti/^-y 
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5o LfcA^oT. C:ne>©ai:»3>'^'y7rOB0~OBn 
fCfcV^T b'^;l/^^[p]?S 2 6 a *"5i){^-r ?> 1 F^gPiSJ 
SEfiSHS 0 d±O«E«^2<0iS5flEV p p 2 

fcV^Tt, rtg|5iiS«EVpp(iDliEb'^;I/0{6T^#9 
c fc % < $^{c b-<;b^^||){t^tT^c -5 c: t *<T' t 
cn(Cj;0. ai:^''^y77 0B 0~OB nti, 
yV7.^Zl a<0ttV>fflllEa^O^S*§ltSCt 10 

SV c c q U-<;KDm:'DT-^tr-y F^^BSt-rSo 

[0 16 4] ii(Drta5ismEeai^3 0 d ©^^{t^a 

3 0 e<Dg«flt^«]ifb1-5fci6lC. $feO015*''P)0 
2 0(Cfcy>Tt({H^L/c^^^ifiJffl-r5ili:3b^T*t. «/h 

A^EaTg^fciSimEv p p^^fiE-rs^^fk^as 

[0 16 5]*te. Vpp l^^lHlKSOatiit/Vp 
P 2 fg^isiss 3 0 b (i, -i^jJt^'yiHlKT* 

LTm^WF^S2 0;S«EV p p 2^il«?-ri.*^®tK 

^--^-XhS (locDy-K3Vi/K{i:<};t), S^Wtc 
tT^g5ffl^0aA\ ^2<Dffi«EVpp2^]itR-r-5 

[016 6] C(D^^f|^<|) a«. rtgPKtbr- 

^RDO. /RDO~RDn. /R D n (0S^k^1^ttl•r 
S d t fc|| 2 OrtgP»«E V p p 2 ^lfl?-r 

CO 1 6 7] i:cD0 2 3fc.T^f«fi!c^fiJffl-r5i: tlCi 

to 1 6 8] J.:i±<DJ:3{C, i:©ftlBO|ISf|©Jg!||3»C 
iD^n§«E^S^{t:-r5/-c4?)©* + /V>:S?cO«ji<i 40 

[0 16 9] [mm<Dmm4] 024a, coii0^©ii 

T'feSo 02 4 {ct5l,^T«, m 1 tC^-TrtSPfliHEIIS 1 

lHli8S^JE£:g:Wt"Sfci6, 02 4{ct5V>Ttt, lo©KE 
Iel!S3igr^-ro 50 
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[0 1 7 0] 02 4fCt5l,>T. I^E|5I1^3«. f^^MW. 
m3 7±(Ortgi5«!®mEV i n t fcSJpmEV r e f O 
b'<;i/%^giLTb'^;l'^*S$nfc«ig€ES F V l n 

isjauiy-^fimmtntcmmmEs f v r ^mtit^u 

-;?j;UU^;l/^^I§K3 5 n-;*;VU'^;l/^j|||5|ig 
3 5/)^e><DU'^;l/g^$nrcaES F V i n:feJ:t/S F 

V T^imu ^<ojt®iKs%5^-r«^« d T^mt 

^spsigy- K*^c.rtgi5aig^3 j^mm^mn^-r^ p 

h'yyifxii 3 d *^tyo JtRS3 c M»|ti4S[°l% 

T'«fi)t$n> ^<Dtfj:'3ft^4)d T<Dmmi. mm^m 

M9.EV e X t*^e>glti2«E(DHtcK^^ni)o Ctltc 

.i: na5«js«Ev e x t (Dns-iy^Merfmcmf 

[0 17 1] jt«g§3c{i, n^mmz-h'ty-h-n 
^?n5p^-v^-.;i/Mos h7>'->*7.?Q6 1 f:. nep 

mjS/- Ki:/- KN DN0F^^cgi^^n*•'O■€■©y- 
^ *V - K N D Mtg^gg? n-5 p ^;l/M 0 S h 7 > 

?n*^o^coy-htc. b'^;i/^j^?n;^c»jpmEs F 

V r^§ttSn^-V^;bM0S.h7>->*7,^Q6 2i:, 

y- F N D Mtm^y- K^Paifcgi^jnA^o^oy- 

hfcU-<;l/^g|$n/c:rta5miS«ES F V i n*Stt5 
nf--v^-.;l/MOS h^^'v'X^Qe S^^tTo MOSh 
^>->'X^Q6 0fcJ;t/Q6 1 
etfigL. MOS h^^S^X^fQe 2 33j:tfQ6 3*\ Jt 

[0 17 2] ti~i}jvu^?v^nim^3 5 a, ^t^-o 

V r e f fc<kD*rtgf5«ilimEV i n t ^^n^nb^/b 
^^LTb'^^l/^^mES F V rtJj;tf S F V i n;&4 

^•r So ctx^<Di^<;immns. s f v r *5 j:tf spy 

i nJi. ^tl^*nfi*P«EV r e f te j:i:frtg|5«ig«E 

V i n t{c?^Jt£;Lfc«E^'^;^T'fet)^ ^ne.<DaEM 

A^»^«EV r e f fc<i:l>*rtg|5ajf. «EV i n t (DME. 
MJ: D ^,/J^^ < &5 (S{H«^ET'«EMt»E$tiT 
t>\ Emi,CCtie,(DmmmEV r e f feiO'rtgP 
miimEV i n t ©«EII*SeftLTl^5o lttSfg§3 c 
6^ i:©b'<;l/|SgiftES F V r :teJ:tf S F V i n*M 

>>'*X^fQ6 2A\ MOS h5>'->*X^Q6 0*^LT 
•EU'^^l/^fllT^-y:, ^■<Dtti:t»ffi^0d r{cj:»j«iiit 
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Tmmi 6^:k%<t^o ilOy-KNDNtt. MOS 
h 7 :^$;x^ Q 6 2 %:n-LT«ift/- FlCite^^nTfe 

So Lit*^oT, l!jttF^>i':/h v>->*X^3 d^D■y- 
7 h 7 >i;x ^ 3 d ^^gPttiSftE V e X t ffiT^tc 

[0 17 3] P'^;l/^^«jgaES F V i n*^lx 10 
<)\^^W^mmS. S F V r J: 5 tiSl/>«^fz:{4. MOS 

^>>^^^Q6 Zm^XmmVtts y-KNDNO 
«ffl>'^;l/A'!±#L, /-KN.pNA^P,(r)ffi:^ffl^$ d 
rlCj^Os «MK5-r:/h'5>i;^X^3dC[)3>^^'^r 

CO 1 7 4] ^2 5 (A) {C.T^^J:^fC. tb©#§3 CCD 
i:*«.c L/c:*^oTE2 5 (A) iC^l^X-j^mWiT^s 

C t *'T-t . ^g|5«ji«E V e X t *Wt of^TPfigBi^ 
h7>->-x^ 3 d oy- h-v-xK«EcD*63i^ffi;&i- 

A<ommimtnt. 025 (b) {c?x-rj:3»c, 

S««EU-<;l/J: D t»t,>rci6, ^gp^ig^EV e x t 

7>->-x^ 3 d o«}iSt«*egi:ti*%8![ic(gT-r5 (y- 30 

fo i 7 5] wm.Y'y-crv^yjT.^^ dnmmmm 

'So c<Dm-^. D— *;n^'^;i'^ISiHisS3 5*wte.n 
«AV i^'^a-A/H^'^;l/g:^|5igS3 5*;PfiE-rSM0 
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[0 17 6] c<Dm2 4ic^stmE^mc^\.^r. ittss 

^■Ii-S«2.il*^fe5„ «»P«EV r e f fc<l;t/rtg|5«jiS 
EV i n t?rilgl:t«g§3 cs-^^iTc^^, cnCOfl 
V r e f fcj;t;v i n t (ig%«E<J; t+^j^iSt^/c 
46^ M0Sh^>i^X^Q6 2feit;Q6 3O3>^fi^ 
^>X*<i:ttc;*c#<^r,^ ^OfS^^iitjv^itt^^ 50 



[0 17 7] a-*;l/b-s;,i,g^(5]g|3 ^g|5«ji 

/-Ki;/-KNDJ oraJcSiB!*n5bo^ (oy- h ic 
rSititm^ Z A C T ^SttS p ^+ *;l/M 0 S h 7 
X^QSOt, /-KNDJ fcy-KNDKOF^Cg^ 
^n. *^0^©y-h(cSfp«EV r e f *g(JSn^ 
+ *;l/MOS h^Vi^X^fQS 1 i:. y-KNDJi:/ 
- KN D LOPa^fCggg^nAo^cDy- h{C|^g|5«j!gS 
EV i n t^§tt5nf:-lr^;l/M0S h^^-J^X^QS 

©y-hAV-KNDKlcSig!^nSn^+*;l/MOS 

h5>->*X:5fQ5 3 y-FNDL tSHfiy-FcD^ 

tc^^s.^iA^o^Qy- h^y- FN. D K ics^*ns 

n^-\r*;l'MO S h^^i^X^Q 5 4 y-KNDK 
^ Z A C T ^§ttS n ^.;l/M 0 S h 7 >->"X ^ Q 5 

5 1, y- KN D L t^j^fiy- KoF^(cse*n*^o^ 
(Of- V \cm'&itm^ z A c T ^sits n 0 

S Y'yyiPT.^^^tS. rSttftfl^ZACTfi. rtSI5« 

ig«Ev i n i^mm.t^[Humf^(Dx^^mmx^mM 

Kbxx KD-:r<i^{i:ffi^-r5„ 

KB^t-So 

[0178] gttfkfi-f - Z A C T *<H 
«Ot tfCfi, MO S h^^i^'X^Q 5 0*^;*-7*^«, 
MO S h^y->"X^Q 5 5fe<};t>*Q5 eA^^t^*? 
,«<!:*D> U'^^l'^^lES F V i n*3<i;tfS F V ra 
S«J«Eb-<;l/OLU-^;l/>&*i}fr-5o CC5M0Sh^ 
>i^*X^Q 5 5fcJ:D'Q 5 6^, gttfk^^Z A C TO 

^;l/^^[liS§ 3 5 tc felt S rtgpy - K D — 7- > y 
«^i:*S<7)*g5±U *OM0S h^^i/'X^QO^ 

)l^mmmE S F V i n te J:t>' S F V r tSftfilEU'^;!/ 
OLU'^/l/T'feDs it«Sg3 cfc*5»tSM0S 
X^Q6 2fed;t;Q6 3%:i-7:«!ii;LT> iteggSc 

[0 17 9] mmtm^Z A C T*^gtt«:ffi(DL b'^;!/ 

t^Si:, MOS h5>'>'X^Q5 0*<;i->m MO 
S F7>i/*X^rQ5 5t3j;t/Q5 6A^:t74^^i:*!J. 
D- A;H^'^;l/^g5lHlSS 3 5 b^;L'^^i){t%M$&-f 
So S2(6«EV r e f ^J:t;i*3ffl5«}i«EV i n t 

ttlcnS^mmmEV e x t J:^)^.^6t,^lE^'^;Ucfe 
So LfcA^-^TMOS hv^v^X^J^QS 1 fcj;t;Q5 2 

*m®igET-»f^-rso MOS h5y->*x^Q 5 3«?■ 
oy-^i3J:t^Kn'>A^^gssig^^nteo, mmmis. 



(24) 
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TWlVlFt^o MOS h5>y;^^fQ5 l~Q5 4(i, (S) 

[0180] (V r e f-Vn-V t h) 2 . 15= (V 
n-V t h) 2 . j3 

[0 18 1] Vn = V r e f/2 

•r^to-^,' y-KNDK(C(4. a^HEV r e f O 1/ 10 
2©«ffiA^4i;So MOS h^>->*;^^Q5 3*5 
J:r/Q5 4*<IhH;+^i'X^WLT*50, <in5.cDM0S 
h7,>i/*7.:?Q 5 3fcJ:t;Q 5 4 Jc{i|ili;;*:t?0«i^t 
Aligns, MO S hv>i^7.^Q5 4 *^igSl^«T'i!){t 

iXv'-X:? Q 5 2 *3J:D*Q 5 4 lC|5|i:;*ct$<D«gii*^?!itn 

[0182] (V i n t -V 1 -V t h) 2 . jj= (V 20 
n-V t h) 2 . 

V i n t -V 1 =Vn 

V 1 =V 1 n t -V r e f/2 

Lfc*^oT. c^y-KN DL tC(i, rtg|5«iimEV i 

n t i:y-FNDK(0«EV r e f /2©M©mEA^il 

nso •rftt)-6o b'^yi/ggi^ti/fci^gpmj^mEs F V 

i n rtgP«ii«EV i n t *V r e f /2 

mm& s F V r 53^fijit 2 T'SSx^j^ffl LnL^mmE t 

' 30 

[0 18 3] J:kiJ§§3 C««E (V i n t - V r 
ef/2) tV r e f/2 t^rttKLTfcO, UfcA^o 
rtgPttif,«EV i n t tmmmEV r e (<DtiM 

Tfe, U'^^l/S^^nfcmESF V rt5<J:t;S F V i n 
«T'lt«?S){t^t7*oT, rtgpmif^mEV i n l.<Dmt 40 

to 1 8 4] [mwm 1 ] 02 6(i, co^wonfiio 

JKffi 4 ©^M^J 1 <D1i)5)t^^v-r^T*fe?.o C(D0 2 6 tC 

^■r«^tct5V^T{±^ □-;{7;l/t''^;l'^^|HlK3 5{cfc 
V-'T, MOS h7>S^;^^»Q5 3fe<fct;Q5 4©y-> 
*V- KN D L lcmmttl^^i}\ 02 4 tC/T^-r^fiSti: 

[0 18 5] C<om2 6lC^-rm^(Om-B. n-A;l/b 50 
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^;b^^|5]K3 5tfeV''T{i> MOS h5>v7,^Q5 
2 j;lf Q 5 4 A^^ft^i^T'Slf^-r^fcii. /- KN D 

i ntt, rtg|5«j®l|EV i n t O 1 /2 lCl|L< 
-73, MOS h5>->*X^Q5 l*^®aii«T'»){^L. 
CKDMOS h5>>^;^^Q5 1 tcti, M0Sh7>$^;^ 

[0 1 8 6] V i n t/2=V r e f-S F V r 
S F V r =V r e f-V i n t/2 

gi5«zimE S F V i n i L"^;U^^?n^c«5p«E S F 

V r *^ jS?fflT'rtgi5«ii«EV i n t tCiSfoTS^ffr 

Jt«883 c:©^'^;^^«^n/•^S!(6«ES"F■ 
v r (=V r e f-V i n t/2) t b^;l/g^Stl^c 
m«ES F V i n (=V i n t/2) ^Jte^LTfc 

0. mmmc g^*Ev r e f.i:rtgpmai«Ev i n 

t©«EU'<;l/«rlt«LTVS. Ljb^L**^?., cn?. 

cDI^-^;l/^^?nit«ES F V rfc-ilfS FV 1 nli, 

rtgPfliimEV i n to^fl:»c*si;T«JjitK7i':?" 

ttlcfitlfcl^ElHlK^rllil-rSu i:A^T't 5o 
[0 18 7] ftfe, COU'^^l/^^^n/'cttaiSES F 

V 1 n *\ lx'<;l/^gi$nfca?P«E S F V r J: 0 feiS 

<*^i:ltKS3 cJCfcV^T. y-KNDN*^P>(0ai:'3 

3 d *^:^-7«^'s:^fT-rSo i:ob^;P^«!«E S F 

V i n fcir/ S F V r L < ^^tDti. rtSPflifaE 

V i n ttl^m$mS.V r e f tc^t < tT'fe 

[0 18 8] [gMfi»j2] E2 8{i, C(D^mo)mm(D 
4 <D^H0iJ 2 (Drnm^TTstrnX^^o C 2 8 tC 
^■rKElHlig{C*3V^T{i, rtgPttiHSiS 0 5 d±Ortg|5 
SiSmEV c c t3<ti;S*«EV r e f^U-^^l^^t 
S n-A;l/U'<;l/^gS!|5iK 3 5 ©til:^-r 5 . 
ES F V rfeiCfS F Vc c*^tfc©f§5 0 5 a{C#A?> 

fcimz 6ic^^tm^mcx$>^o it«^g§5 o 5 a 
[0 18 9] c(Dmz 8ic^t^EEm^<Dmmci3\.^r 

rcMKS F V r ^iXSS F V c c *^lt«S5 0 5 a'v^ 

;^^NQ 1 io<tt;NQ2©3>^f*<>^>'X*<^n-pn<o 

y-h«ElC^.i;T:*Ct<^{t-rS®l^) , lt«S§5 0 



(25) 
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10 19 0] mm^MEv e X t mi'f'^mTfsmm 

^fctbiai, MlkU h 5 >i/*X ^ N Q 3 (D9^' ^^;ly&tfi 
C 0 1 9 1] W±© J; 5 1 , C <Dl^g^O*«SOJg.^ 4 {C 

So 

CO 1 9 2] ^fc, Jtei!§§OJt$5g©M0 S S5>~>*X 

CO 1 9 33 ^fts n-;i7;Hx'^;Vg^(5isSi:Lx> IrI 

Efc j; IfrtgPfligflE© 7 b *<^fli6«»c M 0 S 

^i;ii^5^^l$14^W^;SI^EIilSS^*S1-§il t*^T' 

ffi^blEOiSSffii^ttA^fflS^ns C t tc^S: 0 , sate 
#ttcD*@l5^nfc b-^;l/g^S!p«Efe«}:t;b'^;l/g^ 

«isaE^^^-rsci:;b\-T'tSo cncj;>), 

[0 19 4] [^«fgc7)Jgli5] 02 9a, CKD^^OII 
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t>*aEb-<;l/$iJfflil5igScDg|5^^0«fi!t*^ttB§Wtc?v$n . 
5o 02 9{i:t5l>Trtg|5mjilHlK2 Oti, S¥«EV r 
e f s hmmms.-^ r e r s i:{cti£oT-b>X«ii 
«EV c c a:&S?p«EV r e f stfctiVr e f pA^ 
}*^-rs«EU'^;Uc«lt-rs-{r>XK^ElElK3 s 

[0 19 5] ms.\y-<smm^^ i oti. «i^{i^0 s 

Wfcr5SLT-lr>xa*p«EV r e f s fc-tt/^aiifS 
«EV r e f p©-^r;S:;gtf?LT-t>'XKElHlK3 sfc 
fiii-r S ^^iHlgS 4 , aiSSOiiiSlHlieS (-f ^- ' 

«^«:-r n- K LT> -t >X|^i[HlK 3 s Ogtt/lfS 
ttfc J; t/Kftl^SciiM^SiJW-r Sft^^^figf S r 3 
-KllSSs 2^$t?o -tryxmii^^sfcfi. -tr^XT^ 
yi5Ii^3 0 0*^*g^$n, */-c-fe>XBjSJil5lc«, -b 
>X^Jg» 5 ±omEO^^ft t fca:^--^ ^ K 7 -f" 7^ 

[0 19 6] m^^^\\t. -feyXgttftffi-^S ENfiD 
^^gttfb'vO^fT^, Jiia»*«EV r e f p^-b^X 
I^EIalK3 s'\e»-r«o COtt, x3-KliIgS5 2 

SiSa^tiiD^-ti-So -b^XijitBtfcfci/^Tfi, -tr^X 

[0 1 9 7] iiJig^x->5 Of*. ifi^Jggg^n^c 1 ffl 
KS<Dii^*tti;>3«^;&^J? LTx3- Kf (1 i: tc J; 

±tfi.o '!K\z.^^nmmz.-:)\,^xwmt^o 

CO198]03Ott, 02 9t^-rjl!if^x->fe<J: 

fcl^T, jiji2^x->5 Oa; -fe^Xgttftffl^S EN 

■hmni^^i^Wiwm.z^^M^-(y)%~^v>'L o~ 

DL 1 9^#€yo Ji52-r>/S-^DL 3*5j;t>*DL 4CD 

I V0Otti;^({i^©-;^^3M*?UTjlS-Y>/^-^f 
D L 4 CiKfi^^^X S jSi^«8X-t' -y 5" D S W 1 
t^-e)nx jiSi-YV/^-^DL 7 tji3gi'>>'^-^DL 8 
<^)P^{c{i, iia-t'>>'^-:JfDL 7^Dal:'3ffl^^:1'>'/^- 
^ I V0©ffi:^ffl^©-:^«-^«?LTa®-l'>/-^-t5fD 

L 8'\4;^5a3i^gi;^Yy^pSW0AW6nSo 
ji^-r^/^-^DL 1 1 tSSl'^/^-^DL 1 2 0Pi 
t::{i> )i^i'>-'^-:5?D L 1 KDOiMmt-^y/^-^ 
I V 0 ©tH:'3M^©-;^«'S5; tTiiiii' D L 
1 20A:'3gP'\-^^5iiig^^x-i'-y^DSW2)!)^IS{t 
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[0 19 9] ^e,{c. mm■^y^^-^Dl2<D^ht^m^ 
timmx^y^ss'fiot. mm-f y ^''^-^ DL \ 00) 

^x-y5 oi3^^tiititti!s>m^(omjmm^^m.ti 

Ctt/^X'^^o ^fc. iiil^^X-l'-yf-DSWO-DS 
W2tC<}:?). CCDgJI'l'i'/^-^J'DLO-DL 1 9©a 10 
Sf - X - y oaS^F^^&ISS-r i> C t )b^T' 1 5o i: A 

/^-^ D L 0 ~D L 7 ^^*SLT. ^iS-r V/^-^ D L 

as««ixi'«;;f-Dswo~Dsw2a, -^-ti^na® 
ji-y^m^t^o 

[0 2 0 03 x=i-K|Hl!S5 2{i, -O/^-^f I VOO 20 

m:'3ffi#i:S®-Y>A-^5'DL 1 9(Dm:'Dffi^^Slt« 
2A:'3NANDlElKNG 1 i:. N ANDHISSNG 1 (Dttl 
^'jft^^SeLTI^MlFrgttfkffl^Z A C Tomtit 

^^yfs-^ \y \t. -^yA-jt i vootti:^*^* 

K^t^-^yf^-^ iV2t. tti:':^»xi'-y^s sw 
1 (Dtiitim^ t mttmi^T^^ -y s s w o 0111:^11^^ 

^if ^2 XtiN AN D^m^tiG 2 -fy^^-^ I V2 
<Dffi:'3fl^ t N A N DiHllSN G 2 ©ai:^ffl# S D 
ttii2A:'3NANDI5]!gNG3t. -^yj"^-^ \ V OCT) 

mt^m^t^ti^mx^-^=^-ss^No<D^tim^6Dl so 

*Stt«2A:^NANDIlKNG 4 fcs NANDEISSN 

G 3 45<fcj;N G 4 C0ffi:'3m^^§tt§ 2 A:'3N A N OH 
i^NGSt, NANDlHlKNG 5<Dtll:^fi^^Ste-r-5) 

'fy/^-^f 1 yz^^tso -fyf^-^ i v3*>P). ttft 

«}iS«:lSin?-lJ:«M^Z S P E E D*^tH:']*n5o 
[0 2 0 1] 133 0{C^-ri3lC. {t^ZACTfeJ;t>* 
Z S P E E D^4fig-rSfc46tC. jiig^x->©a]il' 

m^^^^irirzib<omm-<yf^-i'(o^^&Mti>c 
ti^z-^.-^^j^mmm^^timf^nm^mt^ct 40 

[0 2 0 2] 03 1 (i, 02 9lOT>-r-t>XKE[pl8S3 

>XKEIell^3 s{±, ^^151^4*^e.#;^e)n-5aJp1| 
EV r e f i:-fe>X«!f.;S5±0-b>'Xmig«EV c c • 
s^Jt6i-r§Jt^§g3 sat. it©l5 3 s acoffi;*:*!^ 

je-r?.«!3itK^^rh^>->*X^3 s bt. -b>X?S14 
ftft^ZACT^-ry/'J-^ 1 V5^/t-tTy-bfC§ 
ttx IttSiSS s a tcittsmiJiiigi: LTidf^-rs n^^r 50 



1fg§2G0 0-l 1649 

50 

^-;VM 0 s h 7 ye^'x^ 3 s c t , SiJffllfl^ Z S P E E 

3 s aOSli'faSit^tiirat-arSn^+^^l/MOS h5> 
1^7,^ 3 s d^#tf„ Itl5[g3 s a (Dmmi. 
figT'^oTt<t<. f /-c*llfi^5^D^B®3^cfc^t;5«fi!^T* 
^>oTt<}:^\ mc^(Dmmc-oi>ximmt^ii\\^ 

■f ntOlHlKS^fiET'fe o T t *^fiis<OJg^ 4 tc jiffl RifigT- 

[0 2 0 3] c CD0 3 nc^f -byx^EHiS 3 stCti 

(/^T, gtt{l:ffl^ZACT*««®©Lb'^;l/i:%5 
I V 5<0liit}mmi^HV-^)l't^JiK). M 
OS h7>">*X:$'3 s c3b^:t>'«^i:S:0s lt«S3 s 

So ummm s p e e d*^}S14«.^ol 
^issdmy^mtuo. c<oim?s3sa<Dnmm 

Vyyiy7.^tLXmfL. tfcKS 3 s a 
tgilD^-a-^o a'^ffi^Z S P E E. DA^jgtt^^c^Ott, 
tkK8§3 s aOil^tiia*^a<'S:0. iSSiitC. CKD-b^ 

xmjg^5±o-b>x«igmEv c c s ©^{ticwjs-r 

So 

[0 2 0 4];^lC< CKD03 OfeJ:t;03 1 tC^-riHll^ 
So -b >Xgtt^tffi^ S E N L b'^;!/*^ <b H U-<;l/tc 
a:T*<So Ji5i:T. NANDIslKNG \ (DtHiim^tl^H 

I'^jvta*). ^yj^-^ i V i*^c>ogtt<b«^ZA 

CT*^LU''^;l/fc%0, 03 1 {C^x-TMO S h7>i^*X 
^ 3 s c S ?5 . itn^S s a mSSKf^^ 

r»3j!&f So NAND|5lKNG4(Dai:^{i^*^HU 

'<;l/tca:±*<So S D T *<m:^^SiX-f: y^ssvj 

-73> •Y^/'?-^ 1 V 2<Dm:'3ft^feHU'^;l/i:^So 
LifeA^oT. NANDlHlKNG 3 0ffi:^ffl#3b^LU'^;l/ 
t^&O, NANDlHlSSNG 50til:^«^*^Llx'<;Vi:ft 
0, I'y-'^-^I V3*^e)Offi:f3®#ZSPEEDA^L 
l/'^;l'tCjiTA^So 

[0 2 0 5] •feVXgttikffl^S EN*^HU"^;l'Ci[±. 
*<-3T*^e), y/^-:? i V0i3j:tfaji^i//'?-^fD 

Lo~DL 6(D*rtsji5iSfP^*^Sig-rsi:. ta^^« 

X-Y«y^S SW0*^e)tli;'3^nS«^ODT*<HU'^;l' 
^f l VO<Dai:tlfl#ttLl/"^;l/T'feOs NANDHKN 

oa^^oym^o d t*<h u^MciL±i)'^-:>xf}'^m}&^ 

yt^-ft D L 7 ~D L 1 4 jb^Wf SaS^Wi^Saf S 
i:, tti*«]»X-Y'y^S SW 1 <Dtiltill^*^H l"^;l/tc 
S±*^0> NANDH^NG 2C0ffitlM^*'i:t.tHb 
ffl^SDIA^Lb-^^WCiLT*^?), NAN 
D@KNG30tfl^©^3!)^HU'^7l/i:*So ^StT, N 
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AHBm&NG Sa^mXtSti^UU^JVttiO. NAND 
I V 3 i)^^<om^Z S P E E D*^H \y^MCiL±if' 
[0 2 0 6] Ltziii-oT. S P E E Dti, -byx 

DLo~DL 1 Amt^mmmmmt^^TLiy 
^)iy<om^mmmnf?>o cm. mms s a ok 

{^«at*^tgSPL. Hjg-z?, -b^XlljglEV c c s 
[ 0 2 0 7 ] -b >Xgttftffi^ S E N A^H U^jVi)^ ^ L 

5isj:U'<>/\~$i I V3^i:<i:0^ fi^ZSPEED*^ 
L U'^^KciBTf «o c o-b >;^gtt<t:lg# s e n *^ l 

'^;l'*-'P)L U'^;Ui:S:"FA^!3. N ANDIhISSNG 4tDti:3 

^SDT*'!HU-<;KCal±A^§„ I V 2(Dt±i 

:'3<l^(iLb'<;l'T*feD> N ANDiai^NG 3©(±J;'3{i 
^« H b^;l/:|r*i^-r So N A N D miSN G 4 

L U-^;l/(7)fi^ODTlcSfoT^©tB;'3fi^^HU 
^;Uc4±tf, JSCTNANDlHlKNG 5(Dtti;^lfi^*^ 
Lb-^/Ufc^:?), je£;i;t«^zspeeda<hu'^;uc 

-T) i6(D^t^mmmfS(Dmmmm^z s p e e da< so 

f*S:*— ■b>;^«iimvc c 

ttfbt^ffl^Z pee DOffitt^ttC^^LT^fiE? 
n. SJPHEEV r e f i:tT. JS2!SJp«£EV r e f p 

T, ■t>xmig^5±(0mE^. liSlii«EV c c p 40 

mmw c c s<omEEP'^;l/<gT%fl]«iJL. SSifT-byx 

[0208] fS^itim Z A C T tt. -b ^XSttfbfi^ 

s-o/^-^f D L o~D L 1 dmt^mmf^mii^tm 

[0 2 0 9] Lfc^^oT. i:©iii^f-x->5 OOttJ:^! 
ffl^^ii^UT. T'a-KlilK5 2T-T3-K-r-&i:t 
tiO, -b>Xgtt^kffi^SENO?Stt<kte<kt?l^gtt 50 
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fb^n^nKjssLTgmfli'NiBftsns/^^vx©^ 
JSSL.Tgtt^l:^n^ sfc<i<D-b>'xgtt<i:<i^s en 

«^Z A C T?r4^-rSC tA^T't^o 
[0 2 1 0] 03 3«. 02 9lC7j<t^mm^4^4?i 

■r0T'fes„ |g3 3^ct5v^T. ^mmn^&mi. 

S D T fe J: D'-b yxSttft-ffi^ S E N N 0 R a ' 
?SGTl^-§-tfo CCNORlilSSGT l*^P)tt}:^^n5 
^^<i#0 SW*^Hb'^;l'Ot tK:tt. ^iaSJpWffV 
r e f pA^S^^n, ^^{&^0 S WA'SL t , 

tea. -b^XfflSfpaEV r e f sA^SJR^nSo C<D 
N 0 R EIKG T 1 02 9 tC^f 7^3- FHIiS 5 2 K 

^*nTfeo^ fct^if. msoic^t-^y^-^ IW 

2 OtB:^ffi#t N A N D[Hl8§N G 2 OtiJ;'3fI^^^{JS 
J:5{c«fiE^n5o LfcA^oT, 03 2{i:^-rffi^ffiJg 
0*>6??e.A^*J:5»c. ;i---'^K5-r:/«rt7*-5WH© 
*^ -b yXrSmtim SEN 43 J; t>*SiJ»<I# S D T AU 
b^;l/i:;S:S/c<6. C(DPS. mmmmmEW r e f pA^ 

m^-^tiT-tyxmm^m^^K^ti. ■tyxnmm5 

±0-b>X«iimEV c c s^PE-rsci:A'T*t§o 
aTO^o-b>x»){t^tctji.>T«. -b^xgtt^kffi^ 
S ENASHU-<;l't;S:S^ci6. «glM^OSWa, Lb 

'^^i/T-a&i). -fe^xfi^tEVr e f st,mmn^o 
[0 2 1 1] [SMflaji] 03 4«, c<omM(Dmm<o 

mm 5 1 (omi^^^tmxh^c c ©0 3 4 k 

^•r-b>XKE(H»^3 sa, «¥«EV r e f t-b>'X 
«lii^5±(D'b>xaiimEV c c sCDb'^;l/*Sj^-r 

§n-;^;;l/b^;l/g^I5)jg3 5 C(Oa-tl)lly^;l 

- h'ij-^io-tyxmm 5 'MtM^etig-r smsif H^'T-r 

[0 2 12] J:bKg§3 c (i. a-tul\y^)l^m^^3 
5A^P)<D«E^§(t-5M0S h7>->'X^Q 6 2t5<i:C; 
Q6 3A^^ife/-Ffi:ie^$n«. LZ-cAioT, 02 6 

IC/T^-ri^ElelSSfclRl^. «!3fiK5Y:/h5>->'X^ 3 d 

* by h ~ ^-iHiK^^fig-r 5M 0 S h 7 ^'^'X^ Q 6 

ofe<tD-Q6 1 tn^mmy-h'omicmmtm^zA 

C T HcS^tS p ^+ ;?.;l/M 0 S h ^ ^i/'X^ Q 
7 0t, SiJ»m^ZSPEED^y-h{C§tt5p^-V 
^■.;l'MOS h7>i/'X^Q7 lA^^tten-Sc MOSh 
^^i/'X^QG 0fe<};Q*Q6 1 li. CCDmWMh'^yiy 

x^Q7 ofcit/Q? 1 A^e>«*&$ns«?^%s!(ii-rs 

CfcA^T-tSo 
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[0 2 13] Z(0m3 AiC^tm^^^mtiCtiCi: 

0. -byx7y7^{Wct5v^TSi]tSiiffl^z speed 

Z S P E E DtctiEoT, S){^mi3ii*:^t < UT, iSiST* 
■t:>7.SiimEV c c s O^U'^;l'*±#^'^Sii 

[0 2 14] ftfe, C<0'iz>7.n.mm5t^m/-h'(0 

2i:M0S h^>~>'X?Q7 2 0glt!5/-FcQK{ciS^ 
^jnAOl'^^'S-:? I V 7 «::n-LTy- hlCgttftffi^ 
Z ACT%§tt«nf-v*;l/MOS h5y->*X:5'Q7 3 

*TOP>n5„ ■t>xKEiH]8S3 sotm^^m^ (7. 

tz, MOS h^>>^X^Q7 2tOg}nffl^;^t<-r^C 

«iS)S5j!)^e)gJ*y-F'v«j5S*W«0«rffli»Jb, -b 20 
>;^m«EV c c sA^±#L--rf SO^I»±LA^OIE 
Ktc-tyxSiimEV c c s^D-*;l/b'^;l/^gllHlK 
3 S^BMt^o 

[0 2 15] [^Se<l2] 03 5t4, CWaiBO^fiSs© 

r e f sKvt-:>x-t>7.mmm&y c c s*4fig-rs-b 

>X|5|fflilK3 s i:. ^23»ip«EV r e f plCtj^oT 

mmmmms.\ c c p:&4)fri>^)ai^E(H]^3 pi:s 

^l^SiJffl«#(») SWtc?je-3T-tr>X^ElHlK3 s*3J:t; 30 
M!ia^ElilK3 p*^e)0«igflEV c c steJ:tfV c c 

p i&SK UT-b 5 ±tc -t yxWjf^mE 

(7 b-miEIIE) V c c a i: LTe^-T S^^lilK 4 . 

[0 2 16] «E W;i/afflilil!5 1 0{4, rtSP-y-'fi';!/ 

KEiHlffiS sfeii;jil)Z!KElHlSS3 p£D«){^tti^tfe<fct>*. 

5 2^^tyo a^f-x->5 oa. ^t'J-9--f'i';l'S14 40 
fkffi^ c M A tctje o T -fe > :^ 7 > :/g14< k«^*4fiS 

*>OCO-l:>X7>yjS14{l:«^^>iJiL'T§affl 
ffl^ZACT, ZSPDS, RA S^3j;i;Z S PDP?r 

*^^^o 'kic. COBS 5(cs-ri^spm#>iHiK©»f^ 

[0 2 17] p<t«J-9-'f^'/l'S14{l:fl^CMA*^g14« 
JS:t)in-5o t/c^a{^ElHlK3 p*^giift$n5o 50 
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[0 2 1 8] ^^\'>X\ m^^H*Wri.fc/-tr>X7- 
y-fx^^itm^ S E N A^H \y^}l<Djm^B^m&t 

gttfbfi^Z A C TA^L u-<;KDg1i««g'\ffil))5n, 
■t>'Xl^ElHliK3 sA^KEaf^^P^Jifet-So CCOgttfb 
ffi^ZACTOffilSlbtCiSSUT, rn-KBSSS 2*^ 

eo«aii<i^z s p D stm^mmi U'^yi/ostttt^ 

:^gS3 0 0©-b>;^ilf^A^^7U ;>{*'J-b;l/T-^ 
©5>y^««i:*5i:. $fjfflfl^s PD SA^Hb^;!/© 
^fgttWffit^O. -t:>X»EIslK3 sa, ^(Omi'fW. 

iJSAHgii^nSo • • : 

[0 2 19] ^ty-9-i'^;l/*^^7-rsi:, 
^;i/g1i{t:«^c M A*^ L \y-<)V(D$mii.^B^mW)t 
fSDT-b^Xgttfb^^ S E N;frU t"^;KO^^gtt 

^m-^mmtn^o -t > 7.7 y:f^s& 30 o^^i^stttt 

<Bi:=S:0. $fcgtt<k<i^ZACT«.Hl'-<;b'0l^g14 

[0 2 2 0] -7^, i:op«ty-9-i'^;i'gttlkm^CM 

AODg^glS^t (LU'<;W C^SLT, SiMt^Z S P 
DP*U^^;l'C0g1i*^ffi'^|g»)^n, jf2!KEIi]SS3 
P oKf'f SSiiA^ii:*:? (iSfflKEIslK 3 p im^ R 

Asicj:t)git{b«ns) o mwim^4ii. ^mm^^ 
smcmr>rmmf^Bmm3 pA>e,(Dii3amjiittEv c 

X. C(0^ja^ElHl[S3 p{4, ^ tDi!){^ttSiiA^:^t < ^ 

5^)iffl«jiBEV c c p b^;Uc *T'3ft«t?>o 
«^Z S PDPA^I^gttfb^n^ -feyXttilgSSfD 
;i— / 7 ■^if'^lt ^t.. ^ * 'J -b ;^^T^M«?Sl<t p»a 

teJi/T^«# R A s *a u^jvom^nm tiiK>. mm 

I^ElHl«S3p*^^^gtt«jii:*t)> P*Eilf^%(9ih-r 

[0 2 2 1 ] CCDS 3 5»C^-r«fiitlCi3V>T{4, -fe^X 
7>yiHlK3 0 OODilj^Wctt, -tyXl^EElSSS sO 

Si<ttti3ii^*iJ»(l^Z S PD StcJ:*):*:t< U $fcp< 
^rU-9-^'^;l'^7^, •r*t)*.-b>7.7>'7'lHlK3 0 0 
Ol^ttfk^tca, )aia^E(Hi!S3 pOlli{lF«Sit*:*:t 

ga7^iS3iT*?=t«-r5) o C<7)J:3^S]ffllffl#Z AC 
T. RAS. Z S DP Sfe.J;t/Z S PDP%, SS^x 
->5 043J:c;t:3-FIh1^5 Z^fflV^T^^fSo 
[0 2 2 2] 03 7{i, 03 5tg^-raffi^x->5 0 
*5j:tfr:3-Kl2lK5 2O^^^«BS6*I{i:?N-t0T'fe 
i)o 03 7{Cfcl,^T. iiSf'x-^S Oti, 3WL<Dmm. 
g^^nsaSSS 0 a» 5 0 bfcitf 5 0 c?:#t?o 
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cnsoiigg 5 0 a ~ 5 0 c "tn^tim^mm:^ 

t u •y-'f fbfl^ c M A ^mmt^c 

[0 2 2 3] r3-K|51gS5 2«. ?i^VV-^ '!7 ;VrS^ 
!S5 2 ai:, as® 5 0 a<omtim^^R1tet^-f>'f'i 

f^^l'jSMi^CMA'&Slt-SORlHlgSs 2 c i:. 0 
REIKS 2 c ©m:'3fi^:&Se-r^'l'>'A-^ 5 2 d % 

ffi^z sPDP*^/ii:^sn, -r>-'^-^5 2 d*^p)^gi 
(i. u v--^i^;vr^mm^ CM A mmitit-^tix 

ffittfbfi^ C M A gttfb* t . JiiiS 5 0 a O 20 
;UC^^?n«o L/-c*^r?TC©SiJffll{f^Z S P D P 

^giri^0SW(i, tOSiJWfl^Z S PDPOSttfb 
L U'^;!/ 1 ^ t) . 0 3 5 tC ^^■r ^gSIDK 4 {C 4oV >T 

^a^EniKs p*^p,o^3a«ii«Ev c c p^aiR? 

[0 2 2 4] y^n-KlHlKSS 2{i. t^lc^ ;?«t'J-9-i' 
i'/l'Sttikff C M A t jiEg 5 0b (0/±i^]{i^^Stt 30 
SANDlHlKS 2 et. pf^'J-y^-r^^^Sttftft^CM 
A taigg 5 0 b cOtlit)«^%St3-§ N A N DdlSS 5 2 
ft> aii|S5 0c£0tti;^/ffi^^Sig-rS^>/^-^5 

2 g ass 5 0 boiatjfmt^y^'i-i^ 5 2 g© 

ffi:'3ffi^*S{i-5NANDlHlK5 2 h*-&tyo ANDIl 

l^5 2e*^^-tr>Xgtt{l:fi^SENA^ai:>a$n§o L 

^;i/ffittfkli^ c M A A^jStttt,«OH U'^;i/'\EI&^n 
T*^P>. a?Se5 0 afcitf 5 0 b©*-r5a@^H*^ 

itim CM Ammmticft^!SLr $mmm^mm^ 

[0 2 2 5] NAND|5]K5 2 f*^?.. iSttfWf^ZA 

CT*msnSo c©jgtt{kfi^zACTa. -fe^x 

^$ni)o NANDlHlSS5 2h*^e,SiJ8im#ZSPD 

sti^tiititti^o c©$iMt^z s PDStt. asiss 
mm^ SEN *^gttf k^tis fc. aiig s o c 
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[0 2 2 6]^:*, ^^U-y-l'^yl/jgttftfi^CMA 
XhD-y{i^e X t/RA S{CtJf-DTg1t*^^'MKI(i 

mm^mmi^m<Dm-^. nas*^ e.-^^ 7 ^ 

[0 2 2 7] ;&*3, rSMi^Z A C Tfc<i:t;R AS©' 

*<^n€nstt{k$n. wt9«^z s pd s*j;d*z s 

TfeJ;V\ «Slliih7>i>*X:J''\}gttlt:M#Z ACT 

.(f/c«RAS) fciy^ffl^zsPDS (f/taz 

SPDP) *'5#^6,tin{f<J:V>o 
[0 2 2 8] t/-c^i^[5IS§4tt. ji^OCM6Sh7> 

[0 2 2 9] J.X±©J;9{C^ C(D^BM(Dmm<Dmm5lC 
r3- FLTK]EEIfilK©»iftllJ5i!fcJ:t>'Stt/I^Stt^ 

[0 2 3 0] [mmcommei 03 sa, c©^b^©ii 
)5S© 6 1 3 ^mmimMm(Dm^comis.^7rstm 

i n tim-s.m&\y^Mz3mr^i^xm.um\msm 

K 3 ;&ig14fc-r S ^c*!)©flJi b^;l/W^iHii^ 6 o 

V e X t fe<J:t>*rtg|5«j®i|i± V i n t teJ;l/S^«EV 
r e f«rStt. rtgP^jimffV i n t *<mSeEl/'<;l/ 

\cimLrct^^-b-^m\^f^o ^1-gn«!iflEVe X t i: 
©M^*^?)rtgi5mji€EV i n Xtm'&'^E.V^Mzm 

mLrtt'^\^t^ t. mi'&'eLimm p u p*^h i^^^ 

/V'NlgK^n^.o NANDlHlK6 2«, Sttfcffl^ZA 

c TtWigb-^/i/fij^iPisse 0*^6>©3i$ijjgi4f(:ft^z 
pupt^stt, ctie.o-75rA^gm«©t?KE[Hi 

SS3*Si4«ffi'\|Bi!)-r5o C©PIEIlK3{i, -b^X 

^ElHlSSfc J; t;iliaKEIel£S©l^-rnT'^ o T J: < . 
tfc^Olifigti. ^t©?ISS©Jg^4 {C*5l^TI«B^b/c1i 
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[023 1] cmmiy^)i^n^m^6o^mt^c o^izsoe i*v ty^mich*) i^-h-v-xm 

V i n t*^ii-a5«ifiiEv e x t u^McmSitn^<o t<DnBu^ii'<o±mic9t^x±mt!bo sfc cmo 

[0232]E39{i. 038 ic^.tm.miy^)^v\^^ p u p©mEw^;i'*^«^*^t;:±^t-5o c<omBu-< 

«!®U'^;l/5taj^|51K6 0{i, atPSEV r e f 10 ffi<. 03 SfC^-TNANDIilKe 2{i, CO^S^iJStt 

{^«ii«Ei:bT»i<^U rtg|5«ii«EV i n t^m {t«^Z P U P%L U-^^bi^fiJ^U ^<Ddl:»:<l^^H 

rrscMOS-f^/W^eoai:, CMOSf"^/^-* P'<;i/i:t5o cnickOs KElHlSS3*^S1t«!il%li 

6 0 ammmcu-^xy-h-Azmmmiy^fi^ itt. »tp«Ev r e f tpiummn&v \ n toits? 

'v»«-r5 nf-+*;l/MO S 6 0 b i;. 7 |)f|ft^t7^otrtg|5«jg«EV i n l <D«EU"^;l^«r± 

-FA'2teit;A3(DltE?r7>yf--r5fc4i)<DCM0S ^^-^ir^o 

^>/^-^r5«y^6 0ci:, rtg|5«ji«EV i n t iCtJt [0 2 3 6] l^^ijt ItCtSV^T, CMO S'T ^^^-^^ 6 

•pT/-KA3^»JtimEU'<^l>'\ffi^1"«nf-+^-;l/ 0 a cDaj;'3ll^<0«EU'<;l/*V n^'V^;l/MO S h5 

MOS h5y->-X^6 0d t> y-KA3±Ofi^«E Vi/'X^ 6 0 btOL tV^fflSEJ: 0 tiBi< MO 

^mLx^mmtmmpup^mtst^cMos sh^yi^7.^eobti^^y^mtrso. y-KA2*^ 

Yy,^_^6 0e*^tyc 20 n^+^^bMOS b7>'i^:^^'6 0b*Jj:tfQ6 2lC<J: 

[0 2 3 3] CMOS-fV/^-^^-y^eOcfi. ^SP •3S«!«El^^;l/^SBtt?n5o n g^+^>;l/MO S 

«!^-«E V e X t ^m^nM.y- f p s taitiiy- k y^T.^ e o d rtSPSiswEv i n t oseu-^;!^ 

«ES*a«>p^-Y'^;l/MOS h7y'>*:^^Q6 0fcJ:tfn Bl^'Jtt, n^^*7l/M0 S 6 0 bO^nJ: 

^^A-^^i/Mos h5yi/*x^!Q6 2*#tyCMOS^> ot;i;<$rt(i/h*<^nTvv5o /-fa 2*^g^ttijfl 

^gl5^jgy_ppsi:Mlti!y-Fi:<DF^JcS Eb-^^l/^NSgKi^n?. CMO S^V/'^-tJ'^-y^e 

iE^n. ^n^noy-FAV-FA Zlcggt-frSp^ OcJCfcV^T. n^+^/l/MOS F5>5^X^Q6 3*< 
+ ^^/l/MOS F^Vi^'X^S'teit^n^-V^^l/MOS F5 p^^^.;bMO S F-^^^'X^^ 

>->-X ^ Q 6 3 C M 0 S ^ t %^tyo Q 6 l A^J: 0 ?4v^a»3i«^ i:^0./-FA3 ^^SPm 

[0 2 3 4] »*^«EV r e ni, KEIhIIK 3 icfcU^T 30 ii/- F P S tc^^L> ^omEL^'^^l/^rngPSiiaE 

l^gp«!gmEV i n t ^^fi!t-r§fcii)lcfflV^e.n. ^g|5 V e X t lx^;WctT'±»?-&So Sfc /-FA 3© 

mjli«EV e X t A^eSlS^nS (^ffiOJ^ffi 1 *3<fct/ lEU^;l/*'«^^a5ttig«EV e x t l^^;KC±^-r?.fc 
2#BSJ , CMC S-YVA-^J^-V^e 0 cfe-ttfCM CMC S'l'>>'^-^ 6 0 e (CfeV^Tti; p^-V*;l/ 

0 efi. ngprniSZ-FPSlCJ^^e. MOS F7>->*X^f*^:^-7» S/cn^^?^;VMO S 

n^^^mMMmy e x t ^-TJKif^Siii^EtLTtt v^yvx^t^^yimtriK). ^ummtm^z p u 

ft-rSc StPWEV r e f a. rtg|5«Jg«EV i n t j; PA^^^hmEb^^VtClSil^nSo 

»3 t¥V>l^;fiT'm^(D«Eb'^;Hcf']jibT$«<l:-r [0 2 3 7] l^gprniHSEV i n 1 0«E U"^;l'*^±ff 

c O0 3 9 ^c,T^^aili^'^;^*'JSlH)lS 6 o o -r stcon. c m o s -r ^/^-^^ 6 o b tfet^Ttt, n 

ftf^%, 04 Otc^-r«^ig?}e0*#{ltTlttWr5o f-^r^;UMOS F^V^^'X^'OnV^r^^'yXA^p^lr 
[0 2 3 5] ^^Jt0^c:teV^TS^gSX*^^^**3n. 40 ^.;l.MOS F5>->*X^©3>^-i'^fyxJ;0t.;»c^< 
g|5«igy-FP S(DngP«ii«EVe x tO«EU-<;V CMOS'l'>/^-^6 0aOttl:'3{i^O«Elx-< 

*^±#-rS6 miliSAm^lcfei.^T{i, S^PWEV r e ;b*MftTL. ^S?WtcS«!«EU-<;l'ti:IKfi)*n5 (» 

f ©«E±^jiIt)b\ rtSB«ii«EV i n t <D«E±# «P«EV r e f i:rtgP«ii«EV i n t ©MAV rtSiSm 

afiiOfeiii/^fcfe. CMOSf y/^-^60a^c^3V^ iimEV i n t i:jgH!2«Ei:©M<tt)t/h?<*5^c 

T. p5^-\'^.;l/M0SF7y->*X^(D3>^'*^^f>X*^ a6) o cnicj:?). n5^+^^;^M0S F7>->*X^6 0 
n^-V^;VMOS F^^-^-X^'COnV^^^^^XJ;?)*, b*^;i-7tt^i:^'?, /-FA 2fiCM0 SfV/^-^' 

CM0S-Y>/^-:J'6 0aOffi:^ffl^©SHU' 7'y^6 0 cJC^SnSn^+^;l/MOS F7>->*X^' 

St{S«EV r e { hmm^X ±.mir Q6 2tC<tt)gEltb«EU-<MC«i$?nSo /- 

^,-15. CMOS^'://^-^v•y^6 0c^cfc^,^T FA3{i. p^i'^;i/MOS F^^i/'x^fQ 6 nc<fc 
(i, miilSAili^. p^-\'^;l/MOS F^^i^'X^'Qe 50 ^gI5i|jg«EV e x t©mEU'<;l/»cffil$?nSo 
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[0 2 3 8] F«3g|J«ig«EV i n t OttE U'<;l/5b^±» 

*t<5:So <lOnf-+*;l/M0S h7>'i?X^'6 0 d 
(D=i>^f^^?>X*V-FA 3*nfflJ«iS«EV e X t 

l/^;UC5tm-rSp^+:t^;l/M0S h^^i^'X^Qe 1 
o^nj:f3fc:^t<%5t. 7-KA3tD«El^^;l'*'' 

[0 2 3 9] B#Mt 2{Cfel/>Ts /-KAltC^A&tl 

i>rtg|5«ii«EV i n t (DmiiU^^lifm^9EV^>l 10 
tilSiJit-r § t . n ^-V :^^;HV1 0 S h 5 >'>'X 6 0 d O 
3>^f^5'^f>X!b^i-5^±t<^f), y-KA3<D«Eb 
-<;W$e>irffi-FL. fSi;Tpf-v:^^;l/MOS h5>s^' 

Q 6 0 0«)3it#t$&:^*- n 5=-V :t^;UM O S h 5 >->'X , 
^'Q6 2 0«^5^t«^&;^lj:^)^>:^$<*t). y-FA2(0 

t)> CM0S-r>/<t-^-7-y^6 0 c©5-yf-t»cJ|A^S 
KL. y-KA3(oaEt"^;Wigft!i«EW^;l/i::5: 

y-HA 2*^^g|5«Zg«EV e x t tD«Eb 20 

'-<;l't^?.o y-KA 30«Eb--<;I/(D{gTfcJ:»). C 

Mos-o/^-^eoe *^p.o?^$ijgiift:«^ z p u p 

*^^S15«iimEV e X t U^)l<OHU^?V^M.±ff^^o 
C ntc J: 0 . 0 3 8 t^-r N A N D iHlSS 6 2 (Dtli^^i-^ 
*ab^;l/t:&t). M0^3{*I^Ei!){t^ff±-rSo 
[0 2 4 0] rtgPmiiaEV i n t cDm^mEb^;!/ 
«^ »»liEV r e f *<mEb'<;WXTtcSSSnTl-' 
rt0P«jf<mEV i n 0^L*C^-^B#l!)fp-r 
« X W KEHIStc J; D lEill^ niai?m«©«E b 
'^;l/tSiJjfri)o 30 

[0 2 4 1] c<Dm\t zic^i^rc^^mmtis. 

V i n t A^piT^mEb^;Uc?iJjgLT*^^/-KA 2*3 
ctJf A 3 0«EU-^;l/AmL, ?^»JjS14{t«^ Z P U 

^(ommrs^m lx. mmmamv i n t 

[0 2 4 2] 03 9{c^x-r<i;3{C. CMOS-r^M-^ 40 

6 0 ao-ysmi'^m.mm&t LT^^gpsigiEv e x t 

il t {C <t 0 V F^gpy- K A 2 13 J: If A 3 
Co 2 4 3] Sfc, ^^g|5«2i«EV e x t m^^mt 

^j^oA'-op^mmmnmw i n t^^^smEu^/i/Cfij^ 

t^ts MOS h^>i/-X^Q6 1 twos h^>->'X 

^ 6 0 d oy- hmEtct 5 ctiib<Dmmmti^mm 

'^;^^^:a-5l,^TF*3gp«igliEV i n t A^m^mEb'^;!/ 50 
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fciijaLfc*>§*^«r!pJSLTV^«o MOS h^ys^X^ 

6 0 dO«8itlKi):^iS/c:{iLti/^{il«E*^ii^^nTrt 
gBSiimEV i n tcDfiJ^U-^^l/^^j^^^nTl^So L 

0 cOy-KA 3«:3t1|f«/'c*!>®MOS h^Vi^XiSf 

Q6 IfecttfCOy-KAS^JKm-rSfcfeOn^-t^^ 

;PMO s h^>'->*x^? 6 0 d cDlj!itlKi!):':©S{ca-:5v^ 

Tff^t?nT*30^ ^StLT, 51-g(5mii«EV e X t 
0«Eb'^;WcS':3v>TrtS|5ajS«Ey 1 n t©«EV 

[0 2 4 4] CMOS't':y/^-^6 0a(C*5I/->T, 
«)f'^«ai«Ei: LTJi-gPSigWEV e X t^mmLfcm 

rtgPliiflEV.i n t,«!i^1.a5«jiSEV .e x t .J:*?, 
tffil^«EU'^;l'-E?ti, CMOS-f'V/^-rSfe 0 atct5 

tk^^mMMKV i n t*^m^«EU"^;UcPjaiLT 
fc. CMOS'f'y-'^-^eo aOffitlft^*^»«^«Eb 
^;HC)»m^n*V^ (n9'+^;l/M0S h7>~>*X^6 

Ob«-^^&:i-7«<iti5S-r5<:i:*^7?t*i,>) 0 L 

/cA"<oT. rtg|5^ji«EV i n t A^BlT^I|EU"^;l/t?iJ 
jtUfctttC, cOCMO S'l'>'/'<;-^?5-yf-6 0 c© 

V 1 n t J.>lT©llEb'^;l/-p^t)*-'0^gI5«ilg«EVe 

X t*^P,^fi)c^n-5S*P«EV r e f ^ifiJffl-TSi: 
i-'O. '^mxP^UWm.S.y \ n tA^RlTS«Eb-^;We 
fiJSL^ifctt. CM0S-i'>/^-^f7>y^6 0c©7 
•yf-«S^Se*#SCi:*^TtS (M0Sh5>e?X 

[02 4 5] KH#IJ] 0 4 1 0 3 9 tC?N-r«jiU 

04 nc^-r«!gb'^;l/¥iJ^lH]SS6 OlCt3V^T(i. CM 
OS-YV/'^-^f 6 0 aOA:':y-KA HC, rtg|5«ii« 
EV i n t^§:lf^RCmmm^6 0 (tiW^n^o 
C©RC®3ilslK6 0 f a, ffijix^^t, MOS++/^ 

[0 2 4 6] COEI4 ifc:S-r«^u:*3VT{is CMO 

0 a©A;^(y-FA 1 ©ft ^mEcO^fk 
jfS^R casniKe f fc J; 0»lli5-rsi: tjb^T'tSo 
LfcA^oT, 04 O{C^-r©^jgJB0fCfcnj-5^$lJgtt 

{bM^z p u PA^#gttfk?n§B#P4 1 2 ^Jia^^-r' 
5>^*(cK^^-5i:i:*^T't5o S/c. X:':y-KAi 

om&mtm&^mmmKy r e f ogftjifiic^fe-ti: 
rmm^ctizj^K). wiitcrtgp^-;'^y-KA2i3 

J;l>•A3^D«E^•^;^?r-B±#$•^i-fc^s^c, ^n^-'ti 

tCj;'3x rtg|57'y5^y-KA2teJ:t;A3cD«EP'^;l/ 
*^^$^&tt,^T-^ -y f-A'ff *fc)n C MO S I' ^z*?-^ 
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^'y^6 0 ctm■orcP=}S!^yy=^ikm^cX^(0^m±t 
^Cti)^X'^. iE«l*lH]KilJ<^*«SE-r-5i:i:*^T-t 

So *fc. RcasiHiKe 0 f ti. rtspmaifiEv i n 

t*^i±*^ofd^{CfeV-'Tt> C(DfH^mUM&V i n 

TrtgpmiiWEV i n t A^SSdC^KUrt, C(0J:3 
SrtS|5«jg«ffV i n t<Difi5Sgi©liE^I!)lC^*-r*D 

[02 4 7] [^10IJ2] 04 2{i. ciOflWCijlfiS© 10 
}B®6O^Mff!l2<O«^%M«S6*lK:^-r0T*fe5o 04 

r e f"s¥§l}. C(0-ir>xmm9EV r e r s i: ^3 
lliiaEVccpOM^lcj:0> 03 9tfc(ill4 Itc 

2fej:t;A3*5tii{c?u)w^-r-So ^>7.mmmEy 

r e f s», ngPmiSWEV e X t ii^tjKS^^ffi 20 

lEv r e f sisauns^nmm&y e x t ^m^xm 
mmmnKv c c poaEb^^v^w^-rsc tict 
0 , iE»* ^'^;^*^J^«)^t^^T% ^ c t^^x-t -§.0 
[0 2 4 8] i^fc, mmmmM&\ c c pa. jijamis 

ex ttmmmu-^ntzm-^. m^f&mti^±c^-^m\^ 
*^iSv>o c 00 4 2 ic^-ri^^**ijffl-r 5 cticiio. 30 

T^T^'N. •tyT.Ty/rmith^yiyT.^^^^LxB 
sts-t >x«igaE±#tceH-r s*?iS)®*^4 1; s Ri 

«iil/^;l/*iJ^IH)s§6 0 A^e.<D§a$iJgtt<km#Z PUP 
^4;^T^Og14/INjg14^»-rsci:lc<fc»). 40 

CO 2 4 9] C(D04 2lC^s-r^S(cfcV^T. « 

jgU'^^i/WSiHiKe o*^p)03iagMi#z PUP 

CO 2 5 0] tfc. ±>7.mmmmv t e r sn^ mm 
mumzv c c p^oi,m^ns.\y^)i'X'ho (g^it 

^) , 03 9 $/-c{40 4 ncS^-r CMOS 'r>-''5-^i 6 
0 a*. SSfb^SSmc. ^©ai:^ft^*Lb'<;i/{cffi so 
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munt^ctifx't^o 

CO 2 5 1] ^tc. NAND[slSS6 2 Otll:^ffl#{i;. 9c 
[0 2 5 2] Mflaj3] 04 3{i, cay^mtommo) 

mmQ(Dmmi3(Dm^^immc^^tmx'&^o 

04 3tC5^-r«fi8f£::fet,^T{i\ «Eb'<;l/SiJ«W|518S 1 0 

»4, n^mmms.y e x t<D«E^fflt.^rrtei5«ji^E 

V i n tO«EU'^;l/^1^ai-rSI|jib'^;U«^[elK7 
O^^tTo rtgPaiSHEV i n t.i:ngI5^iittEVe x 

t i:*<m^oM0^^«fc:-ri:, mm\y^)ip\^mm o 

fi, ^ssijgttfkffl^ z p u p^nm^nkm^mmt^o 

c(Dm\rSm\:m^z P u PA'tgttttfficDP^, KE0K 

3{i. P^Ei&{^^^7*oT. i1-gP«®«EVe X t 
5), a?P«EV r e f ^•;^;l/©rtgpmigmEy i n t «: 

[0 2 5 3] <:O0 4 3{c^-rj;3{c, SSi^tcfcv^T 
«tji<.^:$?-r5>i'*T'S^^trS^1-a5«if«EV e X t 
«:fflV>Trtg|5migmEV 3 n t OftEU'^^U^rSlttl-r-S 

Co 2 5 4] 04 4 (i, 04 3lC^-tW.MU<f\'W^^ 
gS7O(D*<*W«fi!t«:^-r0T'feSo 04 4{cfcV«T. 
«jiU'^;l/!|ajSlilSS7 0 tt, /- K A 5 t^Vky- Yt. 

<ofSi\zw^ti^^mm.m=^-^ Oat. ^^nM^-Y? 
s{c4^e)n5^gi5aiiimEv,e x t «r--;^«i{t«jiii 

S.t LTBftU FA 5±<D(i^%S^ttS CMO S 
-f>/^-^7 Obi:. /-KA6±fC#A^n5CM0 

S^'y/^-^7 0 b£Dai:'3«^ttJ^oTS»?Wtcy-K 

A 5 i:na5«igy-KP S i:**g^-r5 pf-v^;l/MO 

5 h7>i?X^f7 Oci:. ^^mM/-YPSti^(b^7i 

^nsngpmiiiiEv e x t ^-i^mnnmM&t lx 

KfPL. y-KA 6(C#x.P>ni>CM0 S-^'>/^-^7 
0 b (OtatJiW^^^if^ C M 0 S -< W^-^ 7 0 d i:. 
CM0S'l'>'/'?-^'7 0 bfeitf? 0d<0tiJ^<l#lc(5 

^UT^IRWfcjfab. rta5«!^,«EV l n i^y-Y 

A 5\cmmmcBmt^cMo s h^>x5-v>'3 

-h7 0ei:. y-KA 5fcJ:t;A6±©{i^«E*lt 

^7 0 { t. ^^mmy-YPsic^?iP>ti^n^m.m 

SEVex t^-:^K{t«!i«Ei: tTl!)f'fU, it^^ 
•>^ls]^7 0 { cOlhljy- Y A 7 ±(Dm^^K^LX^ 

msmtm^ z F u p *tB:^-rs cmos-y>-'^-^7 

Og^r^tJo 

C02 5 5] CMOS-l':/-'^-^7 0b. 70dfeJ:C; 

7 0g<o^>«f«. nsanmy-YPstmasiy-Ytco 

PJfcSSI^nSp^+^/l'MOS h^>->*X^»feJ:tfn 

5-y->H >y— h 7 0 e{i> CMO S 'r://^-^? 7 0 b 
©ttJ^ffl#*y- h icgJt S n ^+ *;l/M 0 S h 7 
X^'i:. t:on^+*;l/MOS h7>i^X^fi:M5>Jfcg^ 
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[0 2 5 6] i:b®:7 7 9=-|lIK7 0 f ^^gp«ii/-K 

— KA6{Cg^S4ai,p^+:^;l,MOS h7>->"X^Q 
7 0 fc, ^r^gPljgy^KP S t/-KA 7 tOF^lCgiK 

;Hv!OS h5>->"X:$?Q7 1 i:, 7- F A 8 tSit!!/- 
K^OP^tcS^StlAO^Oy- h*V- K A 7 (CS^ 10 

A 7 tmmy- k tcop^taiB!*n*o^«Dy- h*v 

- K A 8 tcg^$^§ n ^■^ ;^;I/M 0 S h 7 Q 
[0 2 5 7] liiU-<;HiJ^I3iK7 0{i. ?&tc. m 

mmy- k p s ty - f a e ttDF^tg^^nAo^co 

y- F (cfljitSA^^ttifi^ Z P 0 R p f-^ 
MOS F^>i/-X^7 Oh^^tyo rtSPliittEV i n 

CCS ^/'ctiJ12fl)i[HlgS*^P,ffi;^j^n5)iia«j!gmE 20 
V c c pT'^§o ^{c, 11004 4 iC^-Tttiib^^l'liJ 

«isiiS7 o©»if^;^, 04 5»c5^-rM^MjeiamBiL 

[ 0 2 5 8 ] ^gij t 0 ^i:fe^.^T«!iSAA^^f 'S:t.n. 
gP«!!i«£EV e X t (DmEb^;l/*^±#t-5o liiSA . 

«SSA«^til«^ Z P 0 R L t) , p ^ 

+ ^;l/MOS F^>i;7,^7 0hA'!:i->t*cffitfti?, / 
- FA 6 oaEb-<;l/*^^ri.g|5fljjp^gv e x t (OmEU 
<fi^tttlC±mt^o tfc, y-FA5<D«EU'^;l/ 
lis CMOSf >/^-^70bOA:^ifeSLtV>fflJ:f3 30 
t fg < . C M 0 S >>» ^- ^ 7 0 b to (±l;b{i^ t 
mmEW e X t(D«Eb^;Hc{S^T±#-rSo -Ij. 
.CMOSl'>/'?-4f7 0d{i. /-FA6cDaEb-<;l/ 
A^i^g|5«!iSEV e X tOS]EU'^;l/{C(£:i;T±#-r§ 
fci^)^ I^g|5Opg^-V:t-.;l'M0S h5>'->*X^A<;i-7tt'.« 

tfc*'«-pTx CMOS F5>'X5>yi/3>y-F 
7 0 aA^^>«^i:;a:t), rtg|5«iglEV i n t*V- 
FA S'xejl^tl^o y-FAStcfi. §a^?7 0a 
*^gi!S4aTt5D. C(Drtgp«ig«BEV i n t {ct^oT 40 
y - F A 5 ©«E b'<;l'*^ili-S^*^JC±^-r 

So 

[0 2 5 9] P^Sl>m.UmEV i n t tt, KtlttB^tTV^ 

si^tc, ii-si5mj®iiEv e X tt)^ii^i&-^n^mmm 

EV r e f i:OJtiK{C«-i!l,>T^g|5«ii«EV e x t 

«Ev i n t lis nsummmEv e x t (omeu^mc 
'^■oxmrnnEw r e f (omEi'^)iti^±^t^rzibs 

[0 2 6 0] lttS^<yf-|H]gS7 0 f t*it,>Ttt. y- F 50 
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A 6 ©«EU'^;l/*V- K A 5 omU'^/l'cfc t) tiSV'' 
/cii)> p^-\'^-;l/MO S F7>->*X^Q7 103>'^*^ 
^'>'X><)^pf-V^;l/MOS F5>'>*X:S'Q7 OOa^^ 
d'^'>XJ:Ofe:*:t<. !!SI|i^^*nfcn^Y*;I/MO 
S F 7 >->-X^ Q 7 2 Q 7 3 ?) . y-F A 8 

mmmEiy-^Mcmtns y-FA7A\ p 
^+;t-.;i/Mos F7>'->*x^Q7 ii)^^(D^mnmc^ 

tJngqmiiWEV e x t <DmEb^;KD±#{cf£;i;Te 
tDl|EU-^;l/*^±#-r§o Ufc*^oT, mii^Ait^', 
y - F A 7 O^E CM0S'<>/^-^70d(D 

PUP«, '>L«E^«;l/!!><CM0Si'>-'^-^f7 0g 

t^j:?). -B±^t^t)\ t<'icmmttis mmmt 

iMMZP.VPlilUOl^^Wmt^o 

[02 6 1] ng|5«ili«EV e x t A^EffS©ttE 

cfiM-rs*^tfcttmsmEb'</i/{c$ijBL*o^^{t 

■rst. ^gijt nc*Jl^T«j!iSA:^ffift^ZPOR*^ 
H l'<MciL±ti^ K) s p ^+ ^-;1/M 0 S F 5 >->*X^ 7 
Oh*'i:i-7«®i::&§o CCPISiJt ^Cfc^^T«, ^l-gR 
«!l^«EV e x t Hlf^«Eb'^;l/T*$^{tLT*5 . 
'9^ y-FA6cO«Eb'^;l't^1.gPSziteV e X t © 
«EU-^;kT'^g{(:-rS„ C(D«^{ctel/>Tfe. CMO 
S F5>X5>v->3>y-F7 0afi:t>«.^{Cfet), 
y-FA 5(i. rtg|3^i!gflEV i n t ©mEb'^;l/©± 
#{ciSi:T^cD«Eb'^;l/A"<±#-r§o it$55->f-l5iJS 
7 0 f tfcv-vTti, p5^-1r^x;l/M0S F7>'->*X^?Q7 

Qm-7imiz.ihK> (v-x*5j:t;y-F©«E*<iii: 

, y-FA 7*^Hb'^;l/;&*i^-r?)o 
[0 2 6 2] PmmMM&M i n t O^E b'^;l'©±3 
{CtJfoT, gM*?7 0 aA^3^«^n, y-FA5CDm 
Eb'^;l/*^±^-r 5c C ©y- F A 5 ©«EU'^;l/*^«F 
^Jt 2^cfc^,^TCMOS'f>/^-^7 0 b€»A:t/iiSL 

tl/^ffliDtiS<45t, CMOS-r^/^-^? 0 bO 

ai;^<i^*'<LU'^;KDg{frSo cntcit). y-FA 

6*^g«!2flEb^;l/^]amsn.. p^'V.:^t;l/MOS F5 
>->*X^7 0 c*^:i->tt,^i:;5:!3. y-FA5*^^g|5« 
iiy- F P S (C^-^^n. ?-0«EP'^;U*^^r|.g|5«ig« 

EV e X t <r>ms.v^Mn±Mt^. coy- FA 60 

«Eb'^;l'CDfgTtcjSS:LT, C MO S -O-'^-^f 7 0 
ii<^^ti'mmfW\y-<}\>tfs.y) s CM0Sh^>X5-y 
->3>y-F7 0 eA^;t7t*c.^t:S:0. y-FA 50^1. 
a5«jg«EV e X t *^rtg|5«jg«EV ! n t 

y- F've^^nso^K^-r-So 

[0 2 6 3] y- FA 6cD«EP-^;l/OffiT(Cf£;^L 
T, it^^'v^IilK? 0 f fcfel'>Ta^ pf-^;^^;l/MO 
S F7>->-X^?Q7 0A^;j->«^i:-g:t), 
^^^PMOS F^>->*X^?Q7 1 *^;i-7*^^i:*t). y- 
FA8*^p5^-\'^;l/MOS F^^i^'X^J^Q 7 OtCj; 
«?nT, ^•<0«E1^'<;W±^U y-FA 3 

*^Mo s F 5 >-:;x^f Q 7 3 LTSSfi^nr^om 
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Eiy^Jl^mSTft^o y-KA7fcJ:t;A8<D)Kmt5j; 
T'tT%t>4li.o K A 7 0«Eb-<;l/0{fiTlcjSii:t 

[0 2 6 4] 044 iC7ritmj^\y^)\^^l^^^ 7 0<Dm 
mOSi^^Tli. y-FA 5©mEl^'<;l'*^CM0 S't'> 

-^7 oh(oxtlmmL^^,ml,i. i^gi5miiy-KP s 
v^TrtgpmiiSEv i n i(Dn^mmms.\y^fi^mm 

So cnti. CMo s-r^/^-^ 7 0 bcDA:'3iMabt 20 

a, Mos h7>'s?x^fO^-v^;i/itii:^-v^;vfi©a: 

[0 2 6 5] ^sij t oi)^^mm 1 2iiX'<Dm<ommii. 
cMosf>-'^-:s»7 0 h<Dxt}mmL%\,m^m^-r 

T.CMOSh^yxZy'y3yf-h7 0et^mm 
^7 0at<omc. SK^^^ffAL. y-KA5<Dm 
Eb'<;l/CD±ffJSft:S:rtgl5ttjgm)IV i n t ©mEb-^ 30 

z p u posi4^p^%iig-r5«Bg*^fflv>e)tiT t i 

[0 2 6 6] CC»CM0Sl'>/^-^7 0 bO^^fk^ 

icfettsA:'3ffiattvMt^. rtgpmjgmffv i n t 
(vc c p$/cavc c s) (Dmi±v^)i^m^t^m 

MEV ref (Vrefp. Vrefs) OSEU'^ 

iK^-rsc t^c<. rtspnif^mEv i n iti^m^(omm 

i n tti, a!p«EV r e f J;t)t{ftV^«Eb'^;I/T*3& 
CO 2 6 7] 04 ea. rtgi3«iilHl!lOggl5<Dli^%<S 

gtt/lfgtt{t$nT»El!)ff^tT;5:-9KElE]SS3 fc, 
^^KftL. »*«EV r e ncfL-CtzP^^nMm&V 
i n t^r^^-rsX^^i/yWREIeieSS a^^tJo 
>''WKElH]K3 ai3<J;tfHE|5|K3 0m:^y-Kti« 50 
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*'oT. i^EiHiK3*^«jiSA^ig»$nT, rtas^is 

«EV i n tO«Eb^;l'^±^^-<i-, ^O^, 
-'^I'^ElHlS^S aO^'fCiAeoTrtgPmiiflEV into 
mE b'^^V^RR^WE $ T-iiJS^ •§ c i: fc i 
D, ;^^>-'^YRE@K3 a<0*«:ffll^TSilSt9:A^rt 

gpfii^wEv i n t ^m^MEv^ji mmms.v r e 

rt?f|5Si®«EV i n t A^$^{fri.ST'li:g-ri)^F^^ 

^zpup*^I^Stt{b?ns^-i'5>^**^ rtgl5«ii« 

EV 1 n t *^Sqi«EV r e f J; 0 tfgl^«EU''<;KO 
[0 2 6 8] $fc> ;^^f>'/UPiEll!S3a0^^lfi!t^i^ 

T(:n^T*»c8iMLfcKElElKi:|H|i;«lfi!i%«i:iSo * 
[02 6 9] J.;i±<D.i: 3 IC. C ©HB^OHSScDJBffi 6 ic 

SctA^T't. rtgP«iliiati:^1-eP«jli«E*^ifigEniP^ 

nT«igSA^<o y 1' tts: iffceHt-s;tiitEA'«rta5[5i 

[0 2 7 0] [fteoigfflgij] ±^wmc^^^xii. ^ 
mm(ommif'^6if'mmttixi^?>t)\ cnetix 0 

I i,z7j<tmm\y^M\m^m^^^^x. m^^icm-^^x 

[0 2 7 l].t/c, ^^<*K1iSgi:LT{i> 

''yy^L. ' 7i>-tX • ^^Vtl^ji-^^tlX^^i>o 

[0 2 7 2] 

[0 2 7 3] -r^^p-^x 1 K^SMWli:Se;^.tf. 

rtgp«ig«E^fc^^^n«ga^?©^«ffl*ias-r 
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[0 2 7 4] mmzic^.:b^Bmcmm. comm. 
[0 2 7 5] m^m3ic%:^^mimxii. itSKft* lo 

Co 2 7 6] W«fl4 t.il§l6B^tct;^^{f, rtgpiHigS 
[0 2 7 7] IijR^5{C«§|gB^lCiif;^(f, x-^ffi:'] 20 

[0 2 7 8] m^m6ic».:s>^micmxii. m i cogs 
[0 2 7 9] mmm7ic^.^^mc'iiim. s^se 

fi)c?n§m3t5j;i;m4©fiin«?cDffiSxJ±{cj±fi9J-r5 

[0 2 8 0] m^^msimmmicm^ii. mosh^ 

*^2 ©S*x«^T-lE{C^^LT^ 1 ®mE%^fig 

ra-«^T'^ 3 is^Um 4 OSJa^?T-B 2©«E 

[0 2 81] ll^«9tj^5^^{ctie;^{f, ^40fiM 

^0 2 8 2^] m^mi oicg^.:bmKmKii. mscom. 
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[0 2 8 3] 1 1 lC<^?.^B^ti¥^{f, ^ 1 fcj; 

[0 2 8 4] W«® 1 2{C#,5|gB§tc|itxff, SqimE 
feJ:t>'rtgPfl!gttE*fctfCU^;l/^^L. Ctl^Su 

[0 2 8. 5] 1 3 {vg^^B^fcf;^^(J. 

8SSE%§(t^itfiJIS^«^-r^M0 S h7>i^"X:5f3^ ' 

Tt. ^i-gpajiimEfgTB^tcfci^Tt. mwi\'''7'{yh 

t> ^^§|5a^iBE©i£^^i5H{i:t)/^:^TiS^JS{cjESiS•rs 

mnmm^mmt^ c tt^r-t^o trz. mm. 

[0 2 8 6] W«S 1 4 tC^§f|B^{CtJE^{f, 

mm^. »*«iE*5a;t;rtgi5«ji«E^§{t§Mos 

oT. rgiiiT'l^-<;l'Si^$nfc«E^^fiK-r^CfcA<T' 

[0 2 8 7] w«^i 5icm^?^mim^ii. mmmm 

[0 2 8 8] ff^^l 6 (C^S^B^tcSE^tf , jtJrlJSM 

^nsMos h7>->'x^£0^*,K»-r^2o©Mos 
0 s h^yi^x^KDismmwmiSiy- hicmt^^ 

h ^^i^'X^?©/^^ ^y- h3g,S;^l^i;i:-r5 C i: C i: 
^^Elrt©^^E^E^f#«.C: tii'^T't^o 

[0 2 8 9] mmm 1 7 icm^ftmic'^x.ii. 1 00a 
^«Elg4lEiK*>6-b>x7>:/ffl©S!|i«E*5J;tf® 

)ai5|gsffl©ajp«E*4fi!tLTv^5/-c4i). mmmE^i 
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[0 2 9 0] 11*^1 sicm^nmicvt^if. ccomm 

O^y- h«r. 1 Ofev^fcM0 S V'yyVT.^o^m^J 
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